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ABSTRACT 

Instructional materials included in this guide were 
developed to provide vocational services to mildly handicapped 
special needs students mainstreamed into regular schools. Material 
represents strategies or directions in specific areas of occupatipnal 
education, rather than specific curriculum guides; it is addressed to 
both the teacher and the student. Five specific areas are covered in 
the manual: Automotive mechanics, electronic assembly, mechanical 
assembly^ printing, and welding. Related math and vocabulary sections 
are included. Emphasis is on activities and operations which are 
concretely and specifically job related. (The manual is intended tor 
use with four other manuals produced by the vocational strategies 
project.) (lA) 
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PREFACE 



The Vocational Skills manual is an 
outgrowth of two. years experience 
in delivering vocational education 
instruction to a pilot population 
of special needs adolescents. The 
parameters for the strategies pre- 
sented here emerge from the objec- 
tives described in the proposal for 
the Vocational Strategies project 
in its first and second years. The 
strategies for curriculum development 
and for appropriate input from busi- 
neiss, industry, and labor unions to 
public schools are based on the day 
to day interaction of project staff 
with the Boston Trade School faculty, 
administration, and staff. 

When the Vocational Strategies project 
first began, the schedule of Boston 
Trade High School provided for shop 
instruction on a one week in, one week 
out, basis. We found that the length 
of a school day which kept students in 
one shop for six hours was not realistic 
due to the limitations of our students 
(specifically, the individual learning 
differences identified in their educa- 
tional plans) • Consequently, in the 
winter of 1975, we arranged a schedule 
whereby the students were in the shops 
for half a day, and in the resource room 
for the other half. Depending on their 
educational plans, some students were 
integrated into regular classes for part 
of the non-shop time. Later, as a result 
of plans pertaining to Boston Trade High 
School submitted by the School Department 
the half day schedule was adopted by 
Federal District Judge W. Arthur Garrity, 
and became the overall schedule for the 
entire school. Our model, then, called 
for mainstreaming students into the full 
shop activity and into the related aca- 
demic course work suggested by the 
educational plans. Resource room support 
was provided when the students were 
"separated" from the regular school 
program. 



At the height of the Boston Trade 
High School program component, 
the project was able to support 
five regular paraprofessionals per 
the 35 students matriculated. 
(There was another project component 
in vocational exploratory at the 
Martin Luther King Middle School.) 
The project also deployed a sixth 
Spanish dominant paraprofessional 
to xvork in the resource room with 
bilingual special needs students: 
Oiar resource room activity focused 
on vocationally related educational 
activity, (The details are demon-- 
strated in the four companion 
manuals.) In addition to this, 
we were able to place some 75% 
of our students in after school 
jobs developed by our staff, and 
supervised by our job counselor. 
The project recommends the model 
it used for others working in 
the field. 

Special needs students were inte- 
grated into 9 of the 12 shops 
available at Boston Trade School. 
In many of these shops, tl-ie quality 
of the experiences and the quality 
of an intensity of involvement did 
not prove productive, nor did they 
lend themsel^ es to the "laying down 
on paper" of a set of recoiranended 
activities . Although a major part 
of early project activity was 
devoted to determining and writing, 
first, of curriculum guidelines, 
and later, of curriculum methods 
and activities, in the long run 
the Boston Trade planning team 
writing workshops were unable to 
produce a criteria-referenced 
curriculum for special needs students 
mainstreamed into shops. This is not 
to say, however, that the planning 
team did not work diligently. More 
than any other factor, the missing 
ingredient that inhibited the 
curriculum writing of the planning 
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team in the first year, and the 
effective instruction of the students 
throughout, was the absence of a 
pertinent, productive contact with 
the business community, that is, with 
the industries and corporations where 
the special needs student might have 
the best chance for employment. 

As we worked with otar students at 
Boston Trade, providing them with 
the kind of work related education 
indicated as necessary and possible 
in their individual educational plans, 
we realized that the motivation of the 
students was in many cases tempered by 
their ''developmental disability." This 
recognition led us to an even keener 
commitment to provide vocational 
trainiri J that was specific, realizable, 
and job oriented, as well as performance 
referenced and sequential. Overall, 
our students lacked the flexibility of 
the regular student population; thus 
the material here eliminates activities 
and operations which are hbt concretely 
and specifically job related. This 
should not be interpreted as an anti- 
intellectual positicii or as a disregard 
for cognitive learning. Related mathe- 
matics and related science have been 
included so that students will have a 
clearer understanding of the concepts 
and ideas that are an important back- 
ground in performing the expected 
operations- We hope that our approach 
will eliminate those operations that 
tend to be lonnecessary for student 
development in the work related setting, 
repetitive though they may be. 

The curricultun material presented here 
represents strategies or directions 
in specific areas of occupational 
education # rather than specific 
curriculiam guides. It is addressed to 
both the teacher and the student. We 
have made efforts to simplify the 
vocabulary and the concepts as much 
as possible. Yet, since the terms and 
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operations are identical in most 
cases to those used in industry, 
the student will need the teacher's 
continxoing assistance in defining 
and pronouncing words, understanding 
phrases, and working oa related math. 
The "hands on'* experience is critical 
for the student; much of the written 
material must be used with shop 
equipment. We have been careful to 
examine our experience in an effort 
to develop a productive set of p^ir- 
formance criteria and the activities 
for demonstrating achievement of 
these criteria. 

This vocational manual is to be 
used with the other four manuals 
which have been produced by the 
Vocational Strategies project, 
J\jist as the other manuals on 
vocationally related material 
might be used very appropriately 
by vocational teachers desiring to 
become more sensitive to the learning 
patterns and special needs of mildly 
handicapped high school youth, Uie 
vocational skills manual will perhaps 
be particularly helpful to special 
educators who must, as they develop 
eJucational plans and evaluate 
special needs students, become 
more familiar with vocational 
options and occupational job 
training • 

One of the issues raised by this 
project's experience is the 
utilization (in a broad sense) 
of community resources by an 
urban school system* Perhaps 
the most significant contribution 
made to this project in this regard 
was the establishment of a team of 
experts by Raytheor Cowpcoiy in the 
Spring o£ 1976, Ac the instigation 
of Walter Paine r. Corporate 
Directoi : T Publi-: Affairs, an 
Affirmative Action Specialist in 
his officts, Ross A. Burton, formed 
a team o£ experts from Raytheon 



which included Kent Jackman, Les 
Sturdevant, Warren B. Maclnnes, John • 
Key, Ralph Dolce, and Byron J. Ricketts. 
This team not only provided important 
information on curriculum design and 
job analysis, but also insisted on 
visiting Boston Trade High School 
to observe for themselves the teaching 
and learning processes in the shops, 
before they would discuss modifications 
in vocational education delivery. What 
emerged war Raytheon's commitment to 
assist us, insofar as they could, in 
the design and planning of curriculum 
strategies which are not available at 
Boston 'I'cade High School at this time. 
The team's expertise, sensitivity, and 
perspective are particularly employed 
in the electronics, mechanical assembly 
and printing areas covered here. Raytheon 
is not alone; this project sought and 
received a great deal of help from 
industry overall. General i:)ynamics, 
through Arthur Kalvert in their 
Personnel Office, assisted in "thinking 
through" an appropriate welding curric- 
ulum for special needs students. Digital 
Equipment Corporation was helpful in 
discussing their own training programs. 
Walter Pienkos of Hewlett Packard, 
another electronics firm, also provided 
the curriculum used in their own 
training program, as did the others. 

A large number of companies and lanion 
representatives (that joined to form 
our business/industry/union task 
force) and the planning team from 
Boston Trade High School worked very 
closely with the Vocational Strategies 
project in its first two years, to 
develop an outreach procedure for 
job sites for our students during the 
school year and in the summer. We 
are thankful to these employers and 
to the task forces , not only for the 
job sites provided, but also for the 
important iaformation that students 
carried back to us, as this ultimately 
led us to riialize the need for the . 
formation or the Raytheon team and to 



the development of the particular 
strategies presented here. In 
two instances, our contact with 
the business community provided 
us with assistance not initially 
expected. On several occasions 
it was necessary to remove the 
students from the shops at the 
Trade School and instruct them 
elsewhere. We give our thanks 
to Excelsior Press in Boston and 
to Mechania, Inc. in Cambridge 
for unique cooperation. 

This volume, as well as the 
other project manuals, could 
not have been completed with- 
out the diligent efforts of 
Mary Sochockyj, Assistant to 
the Project, and the efforts 
of Natalie Saunders (who 
assisted with typing) , Bernard 
LaCasse (who designed the 
formats and covers) and our 
own staff at Boston Trade High 
School, who worked "above and 
beyond" their job descriptions. 
Melvin Calloway and Christopher 
Clark have been part of our 
paraprofessional staff throu>jhout 
the project, and have served the 
students as a continuing link 
between their vocational training 
and resource room support. Shelley 
Stewart, our vocational counselor, 
reminded us of the importance of 
maintaining contact with the 
students in the shop, in the 
resource room, and on the job. 

Dean Yarbrough, Jr., a staff 
member of the Boston Public 
Schools Information Center 
devoted innumerable hours 
assisting us in the writing 
of the electronics section 
and the mechcinical assembly 
portion of this manual, drawing 
on the many years of experience 



he gained in industry before 
joining the Boston Schools. We * ^ 
give special thcinks to Dr. Charles 
W. Leftwich, Associate Superintendent 
for Support Services in the Boston 
Public Schools, who initially had 
charge of this project in 1974/1975 
when vocational planning responsibility 
was assigned to his office. While the 
Boston Public Schools changed adminis- 
tratiyej^personnel (with two associate 
superintendents for special needs and 
one for vocational education leaving 
during the course of this project) it 
was Dr, Leftwich who had provided us 
with continxiing commitment and 
direction* 

The five specific areas discussed 
here (automotive mechanics, electronic 
assembly, mechanical assembly, 
printing, and welding) are but a 
beginning. It is incximbent upon those 
who concern themselves with the 
replication of the activities of 
this project within the school system, 
to mcike necessary changes in the 
existing (and our recommended) 
curricula. This project maikes no 
apology for what has not been done, 
but hastens to call attention to 
what has been done, and is herein 
described. 



Doreen V. Blanc 
Project Director 
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AUTOMOTIVE MECHANICS 



NOTES 



The material which follows here pre- 
sents a strategy or technique for 
providing vocational information and 
vocational skill development in auto- 
motive mechanics to mildly handicapped 
students. The students who participated 
in. our automotive program were , accord- 
ing to their educational plans, handi- 
capped due to mild retardation, hearing 
loss or specific learning disabilities. 
iNon\:^ of our students were confined to 
wheelchairs, and all had good vision. 
The students were mainstreamed into the 
automotive shop at Boston Trade High 
School with the assistance of a para- 
professional aide trained by our pro- 
gram, Vincent Breen, Jr. Mr, Breen 
was involved extensively in the design 
and selection of material which is in- 
cluded in this section. 



We were, at the beginning of this pro- 
gram in 1974, delighted that a dis- 
proportionate niamber of our students 
chose participation in auto mechanics 
to the exclusion of many of the other 
shops available at Boston Trade High 
School. As a result, we labored to 
determine the types of skills ( in 
addition to bench assembly in the 
automotive trade) that our students 
would be able to pursue. It was Mr. 
Breen' s opinion that the two skills 



Portland (Oregon) Public Schools "Vo- 
cational Village?' program, the State of 
Vermont curriculum for special needs 
students in automotive mechanics, cUid 
the Tennessee State Board for Vocation- 
al Educational material (a communications 
curriculum) for special needs students in 
automotive mechanics. 

It is anticipated that the forthcoming 
evaluation of the Vocational Strategies 
project will demonstrate that our stu- 
dents have progressed beyong the simple 
operations detailed here. Some of our 
students have matured sufficiently in 
their mechanical skills development and 
have engaged in such functions as re- 
placing shock absorbers and relining 
brakes. However, our intent here is 
to demonstrate the "breaking down" of 
even the most basic operations into 
simple, concrete vinits. We have stressed 
vocabulary, reading of diagrams, gauges, 
and other forms of measure. We have 
outlined step by step procedures which 
we expect will set a pattern for how 
other, more complicated car maintenance 
operations can be successfully taught 
to mildly handicapped students. 



detailed here would be the beginning 
of a good foundation for the special 
needs student who might seek employ- 
ment in a service station, and who we 
could expect would be able to do more 
than simply "pump gas". However, 
when one reviews the areas under 
study here, it must not be inter- 
preted that we have in any way 
claimed that expertise in the par- 
ticular areas will make a student 
into a full fledged "mechanic". In- 
stead, what we are discussing is an 
approach that is working. 

The material in this section was die- 
veloped after a. review of materials 
made available to this project by the 



AUTOMOTIVE MECHANICS 



BAl^RY : SAFETY 



Vocabulary 
electrolyte 
electrolytic solution 
sulfuric acid 
sodivim bicarbonate 



An old battejry dangerous. Inside 

the battery tJ^^re is art electrolytic 
solution (electrolyte). This is a 
combination water and sulfuric acid. 

Sulfiaric acid is ^ V'ery strong acid, it 
can burn you v^ry badly. It can rot or 
easily destroy your clothes. It can 
even make holes in concrete. 

Do not get anY acid^ in your eyes. Always 
wear safety ^l^sses. Acid can hurt your 
e^res very badly if it is not washed out 
right away. 

If you get so^^ acid on you, ^un a lot 
of water oveir your skins many times. Do 
not stop until there is no more tingling 
on your skin* This will wash away the 
acid. Also, put Some sodium bicarbonate 
(baking soda) on the spill if you have 
some. You may have seen baking soda in 
a kitchen; peO{)ie use it to bake cakes. 

It is important to wash acid off your 
skin first, b^t you should also clean 
up any spills on your clothes or on 
the floor, put some, baking soda on 
the spot. Run the water over the spot 
for at least lO jninutes if you do not 
have any baki^ig soda. 

Questions : 

What is sulfu3^ic ^cid? 

What happens to your skin if you get 
sulfuric acid on it? 

What is inside a battery? 

What do you do i£ you get acid on skin? 

What is an eiect^^olyte? 

How do you pirotect your eyes when 
working with a battery? 

10 
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AUTOMOTIVE MECHANICS BATTERY: FUNCTION 




ELECTROLYTE ELECTBOLYTE 
LEVEL LOW LEVEL NORMAL 



The battery supplies power to the whole 
car. To keep. the battery working right, 
it is important to keep the electrolytic 
solution at a certain l^vel . You shoulrJ 
check the level at least once a month. 

To check the level you: 

1. Remove the cap. 

2. See if the solution reaches the rin'-j 
in the cell. You ccin see the ring in 

• the filler hole . 

3. If the solution does not reach the 
ring, add distilled water up to the 
ring. Do not overfill; that will weak- 
en the solution. 




4. Replace the cap. 



SURFACE OF ELECTROLYTE 
BELOW SPLIT RING^ 



FILLED TO SPLIT RING 



AUTOMOa'IVE MECHANICS 



BATTERY : FUNCTION 



Vocabulary 
level 

filler hole 
distilled water 
water level 
acid concentration 
electrical activity 
internal short 
voltage peaks 
generator 



The level of the electrolytic solution 
is also called the water levels if 
the water level in the battery gets 
too low : 



1. 

^® ^^^^ concentration could build up. 
The acid concentration is the aino\int 
of acid there is mixed in with the water. 
If there is too much acid in the water, 
it will damage the battery. 

2. 

The electrical activity could build up. 
This means there could be too much elec- 
tricity working. This can cause an in- 
ternal short , which will damage the 
battery. It is the same as when you 
plug too many things into one outlet 
in your house, and all the lights go 
out. 

3. 

The battery coiald get more voltage 
peaks (power) from the generator . (The 
generator is what produces the power. ) 
This will blow out the lights in the 
car. 



Questions 

What does a battery do? 

How can you check the water level in 
a battery? 

How often should you check the water 
level? 

What happens if you overfill the 
battery? 

Why is it important not to let the 
v/ater level get too low? 
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lllivUTO^ MECHANIC 



BATTERY: TESTING THE CHARGE 



RUBBER BULB 



GLASS TUBE 



FLOAT 



RUBBER TUBE 





The density of the battery fluid tells 
you how strong the electrolytic solution 
is» You check the density by using a 
• Ci -ifteter . The hydrometer has a piece 
niainbers on it called a float, 
an read the density by looking at 
Che number on the float where tl Water 
level^'' stops;""' 



IVD check the density you: 

1. Remove the caps. 

2. Put the hydrbni^ter into tJie filler* ; 
hole. 

3. Squeeze the bulb on the hydrometer 
to draw in fluid. 

4. Read the density from the float. 

5. Remove the hydrometer carefully. 
Try not to spill amy acid. You cam get 
burned. Wipe up any drips on your 
clothes or anywhere. 

6. Put the caps back on right away. 
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AUTOMOTIVE MECHANICS 



BATTERY : TESTING THE CHARGE . 



Float 



/ 1.100 ^ 



1.150 



1.200 



1.250 



1.300 



Vocabulary 

density 
float 

full charge 
half charge 
depleted 
hydrometer 



Looking at the number on the float 
tells you if the density is right. 
If the nuinber is: 



1. -^tween 1.275 and 1.30, the bat- 
tery is at full charge . 

2. Between 1.21 and 1.27, the bat- 
tery is at half charge . 

3. Between 1.15 and 1.21, the bat- 
tery is depleted (weak) but still 
■working.' ^ - 

4. Between 1.14 axid 1.10, the bat- 
tery is dead. 




Questions 

What do you use to check density? 

List the steps . in using a hydrometer. 

What happens if you spill acid from 
the battery on your clothes? 

Use a pencil to mark on the picture of 
the float where the water level would 
be if the battery was: 

at full charge 

at half charge 

depleted 

dead 
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AUTOMOTIVE MECHANICS BATTERY: CLEANING THE TERMINALS 



The battery should be clean, especially 
on top near the teirminals and caps * If 
the terminals are corroded, your car 
may not start in winter. 

Never work on the battery in damp 
clothes or shoes. This could give 
you a shock. Sometiines yr n short 
out the battery with a t ...... "br*n, 

even a small shock car :ause aat 
burnV 



Vocabulary 

terminals 

caps 

terminal cleaner 
seepage 

commercial sealer 
corros ion inhibi tor 



To clean the battery terminals you: 

1. Di'^iconnect the grounded terminal 
first, usually negative. It is marked 
" - " (like a minus sign) or "neg.". 
Always disconnect the grounded terminal 
first. This will protect you from shock. 

2. Disconnect the insulated terminal, 
usually positive. It is marked " + " 
(like a plus sign) or "pos«". 

3* Clean both terminals with a wire 
brush called a . terminal cleaner. . .^^ 

4. Clean the top of the battery with 
a cloth wipe. 

5. Inspect the battery for leaks or 
cracks. 

6. If there is just a little seep- 
acfe you can stop it with commercial 
sealer or corrosion inhibitor. 

7. Reconnect .the terminals. 

8. Put corrosion inhibitor or petro- 
leum jelly on the terminals. 

9. If there is a lot of seepage, you 
may have to put in a new battery. 

Questions : 

Why should the battery terminals be 
clean? 

How do you clean battery terminals? 

Is it O.K. to work in damp clothes? 
Why? 

Why is it important to disconnect the 
negative terminal first? 

How do you know when to put in a new 
battery? 
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AUTOMOTIVE MECHANICS BATTERY: USING THE CHARGER 



A battery charger gives power to a 
battery. It causes a chemical reac- 
tion which recharges the battery, or 
makes it work again. 

Some battery chargers have two set- 
tings. Qne_ is_ a trickle , which is 

slower, and the other is a fast 
charge , which is fasten. You should 
charge the bn^ ' v^i the trickle 
setting fi^ cause is safer. 

This will prevent sulfation , which 
causes a short circuit. 



Never take the caps off the battery 
when you are recharging it. Always 
shut off the charger and disconnect 
it if you need to tsike off the caps. 



To use a battery charger: 

1. Disconnect the battery terminals. 
Clean the terminals if they are dirty. 

2. Check the water level in the* bat- 
tery. Add distilled water^^^ 

level is low. Put the caps back on. 

3. Jirst connect the charger to the 
^positive terminals. Then connect the 
negative terminals. 

4. - Make sure the _.terminals..are in _ 

good contact with the charger. Then 
turn the charger on. 

5. Look at the meter on the charger. 
The rate of charge should be between 
3 and 5 amps. It should go down to 

2 amps or less as the battery charges. 
Some chargers have timers tell you 
how loEJi^ to charge the battery. You 
can also check the charge with a 
hydrometer. 

6» WhSEfci ha battery is fully ic^argsa^ 
shut ojff e charger. Disconnect the 
charger;. P -^connect tl\e battery. 

7. Chee> the water level, and add ^aatrr- 
tilled water if *.<*eded. 

8. Reconnect the battery. 



Vocabulary 
chemical reaction 
trickle 
fast cbarca^ 
sulfation 
good contaar 
rate of charge 
timers 



EKLC 



Questions: 

What does a battery charger do? 

How does A battery charger work:? 

Can you fix a battery that is almost 
dead? How? 

What settings do battery chargers have? 

Which setting is best to us? Why? 

What are the steps in using a battery 
charger? 
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AUTOMOTIVE MECHANICS 



TIRES: REMOVING A WHEEL 




Vocabulary 

hub cap 

threads 

lug wrench 

air wrench 

mallet 

reposition 

balanced 



To remove wheel: 



1 . Remove the hub cap . Clean the 
threads on the bolts with a wire 
brush. Use a little penetrating 
oil if they are very rusty. Give 
the oil about ten minutes to do 
its cleaning. 

2. Jack up the car a little. Don*t 
let the wheel come off the ground. 
Loosen each nut with a lug wrench. 

5?hen„ jack^^^ 1^^^ 

way and take off the nuts. If you 
have an air wrench > you can jack uy 
the car all the way Tn the beginning 
but you muat use the air wrench right 
away. 

3. Put the nuts in the hub cap, so 
they won't get lost. Don't let any 
dirt into the threads* 

4. Bull the vheel off. If 5^ou can't 
get it off, tap it loose froni behind 
with a rubber mallet . 

5. If you are moving the wheel to 
work on brakes, you can pull off the 
wheel without xnoving the tire. Mark 
a nut bolt and the rim next to it. 
Then you can reposition the wheel in 
the exact spot it was. This will kaeo 
It^ baT^nced. Then, take off the hmib 
ca5£>. Emt leave the wheel attached. 
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AUTOMOTIVE MECHANICS 



TIRES: INSTALLING A WHEEL 



Threads 




Wheel with Wheel with 

five bolts four bolts 



Vocabulary 

lug threads 
lug nut 
solvent 
flush 

cross thread 
riiri 

cross pattern 



Removing a wheel with an air wrench 
is easy. Putting it back on right 
is harder. You should do it very 
carefully. 



1. Check the lug threads carefully 
for dainage and dirt. Put ai rittl^^ 
grease on the lug threads. This will 
keep the nut from rusting amd will 
make it easier to remove next time. 

2. Check each lug nut for damage and 
dir t . _ Cle^ . the „ nut ^ 

they are dirty. 

3. Put the wheel on the hxab. Line 
up the holes. Push the wheel flush 
against the hub. Do not cross thread 
the nut. It will help if you start 
each nut by hand. 

4. After all the nuts are in the right 
place, turn them until they are on the 
rim . Spin the wheel slowly to make 
sure it is centered right on the nuts. 
Then tighten the nuts. 

5. If you have an air wrench, tighten 
the nuts in , a cross pattern . Look at 
the drawing with the numbers on it. 
Tighten #1 first, eind then #2, cind so 
on. 

6. If you havs a lug wreitch, lower 
the car on the lift or jack slowly 
until it just touches the ground. Do 
not put the full weight of the car on 
the wheel. The wheel should have just 
enough weight on it so that it will 
not turn. Then follow the pattern to 
tighten the nuts. 

7 . Check to make sure the nuts are 
tight. Replace the hub cap. 
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AUTOMOTIVE MECHANICS 



TJ3RES: REMOVING TIBE FROM RIM 



If you need to remove the tire from 
the rim: 



Stem 




Vocabulary 

locking collar 
stem 

valve stem remover 
bead breaker 
slotssa^bar 



1. Take the tire off the car. 

2. Put the tire on the tire machine. 
The outside of the rim should be fac- 
ing up. 

3. Put the locking collat on the 
stem. Turn the collar until it is 
tight against the rim. 

4. Take off the stem with a valve 
stem remover . Take out the valve to 
let the air out of the tire. 

5. When all the air is out of the 
tire, you will need, a bead breaker. 
Some bead breakers sare electric^ eind 
some work by using air pressure. Put 
the edge o£ thenbead breaker next to 
the rim and separate the rim from the 
tire. Some machines separate both the 
top and bottom at the same time.. If 
the machine you are using does not do 
this, you will need to do steps #3, 

4, and 5 again. 

6. There is a slotted bar under the 
edge of the tire. Put the curved: end 
of the siLotted bar between the tire 
and the rdtm. Pull down the slotted 
bar. The slotted bar should fit over 
the flat spots. 

7. Start the machine motor with the 
foot -switch while you are holding the 
slotted bar on the stem. The machine 
will mova one side of the tire off the 
rim. 

8. You will need to do steps #6 and 7 
again to take off the other side of 
the tire. 



10 
n 



AUTOMOTIVE MECHANICS 



TIRES: VALVE STEI4S 




Vice gxxp pliers 



A new valve stem shovild be installed 
every time a tire is nvounted on a rim. 
This will keep you from having tire 
failiare. Most valve stems look like 
they are made of rubber. Valve stems 
which are made of metal can be usod 
more than nee U^iSy have nuts and 
washers attached to them. They also 
have round rubber rings between the 
stem and the rim to irake an air seal . 
This means that air cc.nnot get through. 



To remove a valve stem: ^ . 

1. Cut the rubber off the inside of 
the rim. 

2. Pull the stem out from the out- 
side of the rim with vice grip pliers. 

To install a valve stem: 

1. Put some rubber lubricant on the 
stem hole. 



2. Push the stem into the hole. Then 
you will need a valve stem tool* A 
valve stem tool has a treaded section 
that fits on the stem cap threads . Pull 
the stem through until it is tight. 

3. Check the inside of the rim to make 
sure the stem is in the right place. 

Vocabulary 

mouiitoed 

washers 

air seal 

valve stem tool 

treaded 

stem cap threads 

20 

vice gr-ip;Fiieta 
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AUTOMOTIVE MECHANICS 



TIKES: INSTALLING A TIRE ON A RIM 



1- Put the rim on the tire machine. 

2. Turn the locking collar until it 
is tight against the rim. 

3. The inner edge of the tire is 
called a bead . Put some rubber lu- 
bricant bh the bead. 

4. Put the tire on top of the xim 
so that part of the bead is below 
the edge of the rim. 

5. Put the slotted bar on the rim. 
It should be above the bead. 

6. Start the machine with the foot 
swii:ch while you ar^ holding the bar 
in place. Turn the bar around the 
rim- Now one edge of the tire is 

on t:he rim. 

7. If you are working on a tubeless 
tire, do steps #4, 5, and 6 with the 
second bead. 

If you are working on a tube tire, 
put the tube in the tire. Push 
the valve stem through the hole in 
the rim. Jiiflate the tube 5 lbs. 
so that the tube will stay inside 
the tire bead. Check to make sure 



the tube is not twisted or bunchr^d up 
in the tire. Be carefni not to 'nch 
the tube ba^^ween the t.ire and tLu 
machine . 

8. Put some more rubber lubricant on 
thes tire beads. 

9^ Put the bead expander over the 
trsrad of the tire. It should force 
tbs: bead against the rim. If the 
i-v^ has a colored dot on it, line 
it: up with the valve stem. 

10. Take the air hose and begin to in- 
flate the tire. The bead should move 
against the edge of the rim. If it 
doesn't, tighten the bead expander. 
Then put some rubber lubriccint on 

the bead. Start to inflate the tire 
again. 

11. Check the tire to make sure the 
bead is evenly spaced. The bead should 
be in full contact with the rim. If 

it is not, deflate the tire cind use the 
bead breciker to free the tire. Then go 
back to step #8. 



RIM 



iCASINQ 
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AUTOMOTIVE MECHANICS TIRES: BALANCING 




Heavy spot 



Bubble level 




Control 



Sometimes a tire wobbles becauJe the 
weight on one sidB of the rim is dif- 
ferent from the weight on the other 
side. When you balance a tire ^ you 
fix an imbalance in the rim and tire. 
This mcikes the tire turn smoothly 
around its axle . Thejwhole idea in 
balaric^ing i to put weights g^- - 
tires so that there is no heavy spot 
that makes the tire wobble. 

There are two ways to balance tires. 
If you are working on a car that is 

not usually driven. on_ expressways 

you do static balancing . If the car 
is driven at high speeds for a long 
time, you do dynamic balancing . Both 
kinds make the weight even on both 
sides of the rim r but dynamic balanc- 
ing also evens up the weight from one 
side of the tire to the other side. 

To do static balancing, you need a 
level stand. The level stand holds 
the tire in a horizontal position. 
It lets the tire tilt to the heavy 
side, The level stand might have a 
control on it that makes the stand 
stay in one place when you hammer on 
the weights. These are the steps in 
balancing: 

1. Set the balance on the level s^and 
and put the control in the lock position 
Put the tire:^ on top of the cone. 



2. Release ths lock so that the balanc- 
level will stay the same. 

3, Choose a few weights. Put them on 
the edge of the rim. Move the rim 
.aroiand so that the level is in the 
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AUTOMOTIVE MECHANICS 



TIRES: BALANCING 



center of the cone. You can do this 
best by putting two weights at an 
angle to the heavy spot. If the 
weights are in the wrong place, there 
will still be an imbalance* 

4. Use as few small weights as you 
can. You can trim the weights with^ 
a pair of cutters if you need a size 
between the ones you have. 

5. After you find the right weight 
and the right nuinber of weights, lock 

the balance stand. Tap , the .weights 

into the right place with a hammer. 

6. Release the lock. Check the tire 
again. 

7. Put the wheel back on. 



Vocabulary 

Tmbalance 
axle 

heavy spot 
static balancing 
(^namic balancing 
Isss/el stand 
balancing level 
ihar±ZDntal 

rarrgle: 23 
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AUTOMOTIVE MECHANICS 



TIRES: ROTaWOM 




Front 



Rear 



(^3 



Bias 



Front 



Rear 



The owner's Ji^dt>ook for your car will 
tell you how often to rotate* the tires. 
You need to jTotate the tire^ so that 
they will we^^ evenly. 



Never put a ^^dial tire on the same 
axle „a s a bi^s ply t i re - ^ you can _ 
have an accident if you <3o. 



Look at the (drawings which ^how you 
how to rotat<0 tii^es. 

With a bias ply tire you move 

The right front to the left rear 

The left jrear to the left front 

The left f^ront to the right rear 

The right ^ear to the right front 

With a radiaJ- ti^^, you move 

The right front to the right rear 

The right ^r^^r to the right front 

The left f^ont- to the left rear 

The left jT^ar to the left front 



Radial 
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AUTOMOTIVE MECHANICS 



PERFORMANCE CRITERIA 



1. Student will be able to list 
safety precautions when working with 
a battery. 

2. Student will be able to list 
reasons why water level in battery 
should be checked and will demonstrate 
filling the battery to the correct 
level. 

3. Student will demonstrate use 
of a hydrometer, including reading 
of the float* 

4. Student will be able to demon- 
strate the following operations, and 
to name the safety precautions that 
should be taken: 



Cleaning battery terminals 
Using the battery charger 
Removing a wheel 
Installing a wheel 
Removing a tire from a rim 
Removing and installing valve stems 
Installing a tire on a rim 
Balancing tires 
Rotating tires 

5. Student will be able to define 
all words listed in vocabulary. 
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NOTES.. 



A few of ouir s'tudsxi'ts wcirs succsssfully .:; 
placed in the electronics shop at Boston >; 
Trade High School under the sup>^rvision; 
of Ralph Hall of the electronics staff y^gr 
Although our students experienced diffi~:-i;; 
culty. with even the simpilest ^alectronic g: 
theory, they made progress on some of 
the niore fimdamenta TecffiTiques sucff 
soldering. However, we observed the 
lack of continuing update from industry v^i 
as a drawback in the electronics prograntl| 
in the school, since the electronics in- ;> 
dustry is a very important growth indus- 
try, particularly in the Greater Boston-r-«i 
area. r -:-^^^^^^^ 



The material presented here has grown 
out of extensive meetings and on site 
visits with a number of companies, 
most notably Raytheon Company, Les 
Sturdevant of Raytheon's Equipment 
Division was particularly helpful. In 
meetings with Dean Yarbrough and the 
project director, he provided extensive 
training materials. He made available 
to us a most useful tool box and di- 
re c ted members of his staff to build "S 



the simple wiring harness which is de- 
scribed in this manual. Under Mr. 
Yarbrough's careful guidance, we fur- 
tier modi'f^^ basic 
units which Mr. Sturdevant .presented 
to us on behalf of Raytheon Company. 
We have chosen to focus on but a few 'Of 
the fundamental electronics operations 
in the esqpectation that the further 
development of the curriculum in this "{r;| 
spirit will be forthcoming. '■'■.:M 



M 

i 



The material here explains the use of 
six basic electronic components, 
proceeds with a demonstration of the , 
steps in techniques such as soldering, 
and concludes with a detailed discus- 
sion of the construction of a simple 
wiring harness. a 



ELECTRONICS 



INTRODUCTION 



Workers in the field of e lectronics 
help to make many items that people use 
every day. In the homei there are many 
appliances that work with electronic 
parts , Some of thpse appliances are 
quite large. This group includes such . 
items as color television sets and 
radar ranges or stoves. There are 
also small items that are made with 
electronic parts and are foxand in the 
home or" office. These include tran- 
sistor radios, cassette tape recorders, 
and hand or pocket calculators. All 
of these products, big euid small, are 
made from the same type of electronic 
parts. These parts are called compo- 
nents . Components, or electronic 
parts, are also used to make even more 
complex devices. In fog, for example, 
airplanes are helped to land by elec- 
tronic systems that are on runways. 
Cars are already being made with elec- 
tronic ignitions . The Apollo moon 
flight was directed by electronic 
controls* It is important to learn 

that a large electronic machine that 

can assist a huge airliner to land on 
the gro\md has the same components as 
a small transistor radio that you carry 
in your pocket. 



In the lessons which follow, you will 
learn cibout electronics by studying the 
following topics: (1) parts or compo- 
nent identification, (2) soldering, 
and (3) wix';.ng (or cable) harnessing. 



ELECTRONICS 



INTRODUCTION VOCABULARY 



Electronics - The industry that makes 
(or produces) devices made from elec- 
tronic parts. 

Appliances - A device (or machine) that 
usually is run by electricity and often 
is found in the home. ' 

Electronic parts - The various compo- 
nents (or parts) that are used in making 
(or manufacturing) electronic instru- 
ments (or items) . 

Components - A part of a bigger system; 
in the electronics industry, components 
are the parts (such as resistors) that 
form a more complex electronic appli- 
ance or device. 

Electronic systems - A group of elec- 
tronic machines (or devices) that work 
or act together (interact) to do a job. 

Electronic ignitions - Electronic 
devices for cars that improve "star ting- 
up" of car engines. 
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ELECTRONICS 



INTRODUCTION/QUESTIONS FOR REVIEW 



!• What are some things you have seen 
in class, at home, or in the newspaper 
that are made with electronic parts? 
How do you know? 

2, ' Make a collage from newspapers and 
magazines that shows different items 
that are made by the electronics indus- 
try, 

3, What is a component? 

4, How big do you think components arei 
Bigger than a pencil? Bigger than a bo; 
of Kleenex? Bigger than a 12" ruler? 
Ask your teacher to get some pictures oj 
component parts. 
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ELECTRONICS 



LEARNING ABOUT COMPONENTS 



— QHD- 

Resistor 

Disc capacitor 



(O) 

Electrolytic capacitor 




There qit^ a^^ac basis: parts or TtTCnpoa^nts 
that ar^ y^ed in tree electrondi:cs^ indx^^ 
try . T'nea^Q ^^ts are: 



a. 


resistors: 


b. 


cap;*'^^-tors 


c. 




d- 


trah : formers 


e. 




f • 


transistors 



You can learn to identify them by tliedLr 
different shapes. Here are. some exam- - 
pies of how components look, Remeiribe3r> 
when they are put: together in different 
ways in an assembily / they become the 
"building blocks" o-f many products or 
machines that we know. 

Resistors - Resistors look like a 
tiny tin can with wires sticking out of 
each end. 

b. Capacitors - In electronics, there 
are several kinds of capacitors. Here 
are examples of three kinds of capaci- 
tors. A capacitor keeps (or stores) 
energy (or electric charge) for a 
short time, or temporarily. 

Capacitors come in these shapes and 
values most often: 

Disc capacitor 

Electrolytic capacitor 

Variable capacitor 



Variable capacitor 
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ELECTRONICS 



LEARNING ABOUT COMPONENTS 




lu^ctor - Inductors aare important 
compoxasmts . Inductors ^am look like 
coils ^'t^f wire. Here is a picture of 
inductar • 

d. Trggis formers ^ A tzaasformer is 
cinother component or pgrfc. A transfarane 
looks like a special arrangement wife 
coils of wire where two or. more wiren . 
are wsnnd together. Here are exampls 
of trsoas formers . 

e. DxQjdes - Another kind: of componejnt: 
is a c^ode. A diode le±s the current 
flow in one direction only, 

f . Transistors - Transistors are 
another kind of component. Most tJfdn- 
s is tors have three leads (or wires) 
coming out. of them. This is what 
transistors look like- 



Diode 




ELECTRONICS 



VOCABULARl J^tRNING .ABOOT COMPONENTS 



Comgoneirts - the eSiisactronics industry, 
components ar«i the part:s that are xised 
to put tog ih^ a bigger electronic 
appliance Ge':3aachine. 'We are learning 
about six different kinds of components: 
resistors, .israaccitors^r- inductors, trans- 
formers, diOfliiBs:, and ttransistors. 

Electronics xs^ustry — The companies 
that make ^ssi srell electaronic equipment. 

Identify - ^ lieam vhat something is 
by knowing what it looks like. We all 
know what-SBi indue tox look s like and so 
we can ideinrLfy an inclucztor when we see 
one. 

Assembly - The putting together of 
manufactured parts to make a completed 
product, usually a machine* 
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LEARNING ABOUT COICPONENTS/ 
QUESTIONS FOR HEVIHW 




!• What are tSse^isdjc kinds of coiroonents 
you have leameEl xr identify? 

2. Fill in the fc^&a^ks by identifg^ing 
the coxxect ccagxyasit in each picnture. 

:.a, This is :a 



This is a 




c. We can telX ^ha^, this component is a 

because it 

looks like a littlfiEitin can with a wixe 
sticking out of >eTix^i>cend * 





e 




d. We rsm tell that tthis component 

part is a because 

we can see its coil. 



e. This is a 
component. 



This is3 a 
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SLECTSi^rCS 



LEARNING ABOUT COMPONENTS/ 
QUESTIONS FOR REVIEW 



3. Circle the following items listed 
below if you think they are made with 
electronic components: 

a. A cassette tape recorder 

b. An automatic dishwasher 

c. A bathtub 

d. A baseball bat 

e. A box of breakfast cereal 

f. A digital" watch 

g. A color television 

h. A pencil 

i . A pocket .calculator "" 
j. A radar system 

k. A thumb tack 

1. A tin ccin 
Explain yoirr choices. 
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EI^CTRONICS 



HOW RESXSTORS WORK 



What is a resistor ? 

We already have seen a picture of a 
rggsdstor , ?V resistor looks like this. 

resistor Isoks iLike a small tin can 
with, wire siticking out of each end. 
Tfie most coininon t^e of resistor is the 
£Lxfid carbcan resistor which contains a 
mixture of xarbon and other materials. 
What does a resisteir do? Xt resists 
or works against the flow of electrical 
current, 

1!here is a very famous rule v?hich de- 
scribes^ wiia± a resisto^r does:. This 
rule isycaXle^d Ohm's Law . It says: 
A resis233r has a resistance of 1- ohm 

(in) if^-the voltage across it (in 
volts ) ^vided by the curxent £!Lowing 
through It {in aaggperea? } eqiaals X. As 
an example of thiirs, take, a 1 volt 
Ijattezy (0this is the symbol for bat- 
ii ^ l ^ j) 5and;put it across a resistor 

(this is the isynibol for xasrstance Q) . 

can thms itL ia shox^tesr «ay or::in 
a ^ormulB 

K — The ^gcrl^tage ^ volts 

I = The csirxent in amperes 

R = The resistance in ohms 

rf the 1 'voit battery caus^ 1 ampere 
to flow ticcough the resisrtor:, then Its 
iresistance: is 1 ohm^ 



— ODD 

Resdstar 
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ELECTRONICS 



HOW BESISTOBS WORK 



1/2 watt 



1 watt 



We must Know three facts before we 
can identify a fixed carbon resistor? 
its wattaqe :rating, its resistance- 
value, and xS:b i:olerance* 

Wattage ratiarg 

The wattage irating tells us how 
much electrical current can flow 
through a resistor before it heats 
up and possibiy destroys itself, 
The most ccoimnon wattage ratings are 
1/2, 1, and 2^ We can tell the 
wattage ratinie by its size. As 
resistoxs get: l?igger in size they 
haive higher xisittage ratings. This 
means they wilM carry more current- 



All 1/2 Riatt tesisrtors are this size: 



AH. 1 wa3ttt::j3e5Kistors are this size: 




mi 2 wat± r^istors are this size: 



2 watt 



m 
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ELECTRONICS 



HOW RESISTORS WORK 



What is "resistance value'*? 

The value of a resistor is a number 
which tells how much resistance a 
resistor will offer to the flow of an 
electrical current. We refer to this 
niunber in "ohms". A big nuinber means 
big resistance, and a small number 
means small resistance to the flow of 
current. (A 50 ohm resistor will 
offer 10 times more resistance to the 
flow of current than a 5 ohm resistor.) 
The symbol Q can be used for ohm. We 
can write 50 ohms as 50 fi. 

There are two ways to know the value 
of a resistor. One way is to read 
the number on the resistor. Another 
way is to look at the color bands on 
the resistor. There will usually be 
4 bands. Sometimes there will be 3 
bands • 

The first three color bands is a code 
which gives the value of the resis- 
tance in ohms. Each color stands for 
a number. This is the standard 
resistor color code: 

Black = 0 Brown = 1 



Red = 2 Orange = 3 

Yellow = 4 Green = 5 

Blue =6 Violet = 7 

Gray = 8 White = 9 
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ELECTRONICS 



HOW RESISTORS WORK 



Here is how we apply this code to a resistor: 




L 



} 



Color 


First number 


Second number 


Third niomber 


Black 


0 


0 


add nothing 


Brown 


1 


1 


+ 1 zero 


Red 


2 


2 


+ 2 zeros 


Orange 


3 


3 


+ 3 zeros 


Yellow 


4 


4 


+ 4 zeros 


Green 


5 


5 


+ 5 zeros 




Blue 


6 


6 


+ 6' zeros 


Violet 


7 


7 


+ 7 zeros 


. Gray 


8 


8 


+ 8 zeros 


White 


9 


9 


+ 9 zeros 
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ELECTRONICS 



HOW RESISTORS WORK 



Some examples: 



blue gray black 



« 68 



brown gray brown 

i 



= 180 n 



brown green red 

\ t / 



== 1,500 Q 



browi black orange 



gray red yellow 

— \-M— - 



- 10,000 Q 
K = 1,000 

Then 10,000 Q can also,. be written 10 



= 820,000 Q or 820 kQ 



red violet green 



= 2,700,000 Q 
M = 1,000^000 

Then 2,700^000 SI can be written 2.7 MJ^ 
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ELECTRONICS 



HOW RESISTORS WORK 



What is tolerance? 

Is a 10 n resistor exactly 10 ft ? 

To answer this question we have to know 
about tolerance. We can know the toler- 
ance of a resistor by looking at the 
fourth band. The fourth band is either 
gold or silver. Gold means that the 
actual resistance value is within ± 5% 
of the color bands on it.- Silver means 
that the actual resistance value is 
within ± 10% of the color; bands on it. 
The syitibol (or sign) ± means "plus or 
minus" or "more or less". 



brown black Ibrawn :gdld 




For example: 

When the last color band is gold 
the resistance value is ± 5%, 

What does 100 ± 5% mean? 

5% of 100 is 5, The resistauice may be 
any nvimber between 100 and 105 or 100 
and 95, This means that 100 J2 ± 5% 
can be 100 Q or 101 or 103 Q or 104 
or 104,93 Q or 105 ft. This also means 
that 100 ft ± 5% can be,99 . Q or ,98 Q 
or 97 ft or 96,36 or 95 fi. 



orange wh±te yellow silver 




For example: 

When the last color band is silver the 
resistance value is within ± 10%, 



10% of 390 kU is 39 Kft, The resis- ^ 
tance may be any number between 390 kfi 
and 429 Kft or between 351 kQ. and 390 icd. 
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gf^ELECTRONICS 




HOW RESISTORS WORK/VOCABULARY 



Resistor - An electronic component that 
resists (or works against) the flow of 
electrical current. 

Carbon - An element which is not metal- 
lic. 



Ohm's law - A rule in science named ^for' 
a German scientist ,;Ge6rg Ohm. 

An Ohm - A unit of electrical resis- 
tance. Its sign is ft (named after 
Georg Ohm) • 

Volts - Measure of electric potential. 

Amperes - A unit of electric current; 
It is often shortened to "amps". 

Battery - A device for making (or 
generating) electric current (often 
by chemical reaction). 

Formula - Statement of a rule in math 
or science. 

Color code - The rule for knowing what 
the resistance value (how much resis- 
tance) of a resistor is by looking at 
the color bands on the resistor. 

Tolerance - How much current flow a 
resistor "can take" or "can bear". 
The tolerance of a resistor can be 
learned from noting whether a. gold or 
silver band is on the resistor. 
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ELECTRONICS 



HOW RESISTORS WORK/QUESTIONS 



3. 



Fill in the blanks : 

1. Hhe symbol for Ohm is 



2. The symbol for battery is 



-3v- This- is an example of -a 
watt r jsistor. . 



4. Another way (or sign) for saying 
electric current is . 

5. On the standard resistor color 

code, the color violet = The 

color orange = , The color blue 
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ELECTRONICS 



HOW RESISTORS WORK/RELATED MATH 



!• You have just learned to tell the 
"tolerance" of a resistor by looking 
at the gold or the silver beind on the ; . 
resistor. Practice reading "tolerance" 
amounts by working on these problems: 

a. -Think-of^lQ. numbers between^-100 

and 105/ like 101.00 or 104. 93* Write 
them down. When the fourth band on 

the resistor is the color 

we know that the "tolerance value" is 
±5, 

b. Think of 10 nxambers between 95 and 
100, like 96.36 or 97.00. Write them 
down. 

c. Think of 10 nximbers between 100 and 
110, such as 104 or 108. Think of 10 
numbers between 90 and 100 such as 
94.03 or 91.00. When the last band on 

the resistor is the color , 

we have to count ± 10 to find the 
tolerance value. 



2. Percentages. When we work with 
± 10 of a number we are thinking about 
a "percentage" of that nximber. Another 
way to write per cent is . 



a. How can we find 10% of 390? 



0 ' — ' — — — . — ■■ -1000 



b. How can we find 5% of 380? 

3. 3. Imagine that you have a number 

line that goes from 90 to 1000, like 
the one you see here. 

a. Where would 500 be on the line? 

b. Where would 100 be on the line? 

c. Where would 400 be on the line? 

d. Where would 95 be on the line? 

e. How did you know where to put 
these numbers? 
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ELECTRONICS 



Disc capacitor 

go 

Electrolytic capacitor 




Variable capacitor 



OTHER COMPONENTS/CAPACITOBS 



We already looked at three kinds of 
capacitors . You will recall that 
these three types were: 

Ihe disc capacitor 

The electrolytic_capacitor„ _ 

The variable capacitor 

A capacitor is another importcint com- 
ponent part in most electronic assem- 
blies. There is a capacitor in an 
electronic flash camera. In the flash 
camera, the capacitor stores energy. 
When you press the button to take the 
picture, the capacitor "dumps" its 
energy into the flash bulb which gives 
off a bright light. 

Capacitance is ineasured in micro fareds 
(up) or in the case of very small 
values, capacitance is measured in 
picofareds (pF) . There is only a 
certain, amount of voltage that can be 
dumped on a capacitor. The capaci- 
tance val^^^^^^^ is ; 
stamped on the capacitor. Also, the 
maximum working voltage (for example > 
16 volts) is stamped on the capacitor. 
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ELECTRONICS INDUCTORS 



What is an inductor? An inductor is 
another type of component. Inductors 
are coils of wire. . Sometimes cin 
electrical ciorrent flowing through an 
inductor changes; for example, it gets 
turned off. When the current changes, 
the. inductor 'Chpkes-^outrT(stops)^wthe — - 
change. When the current first gets 
turned on and begins to flow through 
the inductor/ the inductor tries to 
keep the current from going on or 
flowing. When you turn off a switch 
while the current is flowing through 
an inductor, the inductor tries to keep 
the current flowing. This means it 
tries to keep things the same instead 
of letting the change happen* 



Here is a drawing of an inductor which 
is called ah "axial lead choke"* 

Inductance is usually measured in 
mini henry (mH) . There is usually a 
maximiam (the most possible) current 
marked so that the choke will not be 
put in a circuit where too much cur- 
rent will damage it* 




Axial lead choke 
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ELECTRONICS 



TRANSFORMERS 



What is a trans fornver? A transformer 
is another type of component. A trans- 
former is a special coil arrangement 
where two or more wires are wound to- 
gether. A transformer is used to 
increase (make bigger) or decrease 
^(make_ ^small er )l lyolt age . . 

Here are some examples of transformers. 
We saw this example earlier. 

But there are other types of trans- 
formers, such as these. 
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ELECTRONICS 



DIODES 



■■1 




A diode is a device which allows the 
current to flow in one direction only. 
You can tell the. type of diode by a • 
nuinber that is usually stamped on it. ; 
Diodes come in many shapes. Diodes are i 
electronic coinponents. 



Since the current only flows in one 
direction, we have to be able to tell 
which way the current will fl^^ 
through the diode • 'the dr civ, . • gs you 
will ;use in class and o^^ job will 
show the ^cathode end pif the diode • The\ 
cathode €^d , <ar the -end ;tfaat supplies 
thei^ curi^t^ Since ^ 

y om ccan ^SBe the cathod , you wi 1 I f 
be^Hsabl^ i:o 'do the asseinbljr corre 
The^^LED^ Iliqlit emitting diode ) is a ; 
special &ind of ;diode up. 
Wheaii youTxreadnithe time ' fixai: the kind' 
of watch thatiSias^^^. tf numbers 
(a digital watch) without!^our and 
minxite hands, you are reiaMng a ntuiiber 
from a light emitting diode. 



m 
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ELECTRONICS 



TRANSISTORS 




Transistor 



Jallector 




We have already seen a drawing of a 
transistor. We looked at an example 
of a transistor like the one here. 

In a transistor the cvirrent flows from 
the emitter to the collector. The 

signal on 

rent flow. To see how a transistor 
works, let us take an example of 
something you know. When you put your 
thumb over part of a drinking fountain, 
the stream shoots up. You are con- 
trollingrthe flow of water with your ~ 
thumb. jThis is like the base in the 
transistor. The signal on the base 
controls the current flow through the 
transistOT. 

The symbol for the transistor is the 
letter 

Most transistors have three leads (or 
wires) coming out of them. 

These leads are called: 

base 

emitter 

collector 

The base will always be the middle lead. 

The emitter will usually be next to the 
locating '±ab. 

The collector will always be opposite 
the emitter. 
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VOCABULARY/OTHER COMPOHENTS 



Capacitor - Electronic component that 
stores 'energy, . V ^■v^::■:£|i 

Microfaxed - Shows how much "energy" jai 
capacitor has^ The syitibol for micro-- I'^M 
fared ..is. uF. ' '\ 



Pi CO fared - Shows how much "energy" the igSj^ 
capacitor can store when that number is ; 
very small. The symbol for picofared^^^^^^ -^^ 

Inductor - Another type ^of - coniponentr^r;;^;:;^^ 
a coil , of :; wire 'v^ich':.chokes i'out-.^or,^^ 
stops a change in the flow of eliactficvX^^I^ 
current; The sign? for'^in'ductance is;^ '^^^^^ 
mH .or milli- henry. ■ ' '■■ : 

Transformer - Electronic component or : 
part that is used to get a bigger ^^^^^ ^ 
voltage or smaller voltage. 

Voltage - Measure of electric potential/ h| 
We came across this word before when, we S 
learned about resi^t&rs. 

Ddode ^ An electronic component that S|| 
allows the electric; current to flow in -f-^^ 
one direction only.. 

• • ■ .' ■ -.M 

Cathode - The cathode end in a diode '---^M 
is the part that supplies the current. 3'^^^^ 

: ■ ■■ .■ .,• ' ;i 

LED/Light emitting diode - A special 

kind of diode that lights up. This '■"■.'.'■^0§ 

type of diode is found, for example/ ; 

in digital watches which light up with /^^i 

the correct time. ^ 1^1^ 

Transistor - An electronic part used ■; oS^ 
for switching the current flow. 



ELECTRONICS 



HOW OTHER C0MH3NEMTS WORK/QUESTIONS 



1. Fill in t^^: blanks: 



The syiribol for ohm is 



The syiribpl fccr battery is 



The syitibol fbr mcrofared is 



A picture of: ^. resistor is this 



The symbol mH means 



2^ A "digi^aLl vatch" is an example of 
9i6a^ Icitid of electronic component? 



3. If you putriyottr thunib on the spout 
of a drinkingcibuiitain, your thumb 
"^controls " thej^watex. When this hap- 
:pens / your thtjusib^^^^i^^ liKe " what Jcind^'d^ 
component? Why? 
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ELECTRONICS 



THE JOB OF SOLDERING 




What is solder? 

Solder . (pronQunded "sodder'^) is a soft 
metal used . to fasten two pieces of 
metal together so that current can flow • 
through the place where the two piecesy':' 
..are joined*--- Soldei^^ 

, it with a soldering iron , , and^ hardens ; 
wheii the heat is removed^ Solder is ' 
made from tin and lead; Most solder, 
that :you will use is the ^f lux core: klnd^' 
This means tiiat flux is . in the solder. 
You can see It at the reenter (or^^^^ 
Flux is. dark at the . center. (Flux is 
an important cleaning material which' ' 
must be ; used t^ soldering 

,work O : : Sobering l is ^ .u^ T 
will look; at the tools a[hd materials>^ 
the mounting of components ,. a^ how - to 
solder. ^ ^ ! 

What do you need to solder? 

In order to solder, certain tools are 
needed. 

„ A_goqd spidering J.ron^^ roost ; 

important tool in soldering. A wedge 
tip soldering iron is good when you 
are working with pri nte d el r cui t boards . ; 
A larger iron is good for heavier work; 



Pliers are for picking up and bending 
all types of wires and leads. Leads 
are ends of wires that . come out of 
resistors, capacitors or other component 
parts • 

Cutters are used to cut wire and to 
shorten the leads. Flush cutters are 
used for close work. 
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J?- : : ;EL^ THE JOB OP SOLDERING 




Printed circuit board 



Tweezers come in many shapes and sizes 
and are used for picking up small wlr§§; 

The stripper hats a nuBibered cutter for^^^^^^^ 
each thickness of wire . When you use 
the strippers, you must check each wire 
' for damage -before-tinning. — Be-sure - the-'---r- 
wire is not nicked or cut. 

When you solder you need tools and the 
solder metal. You also need something 
to fasten the parts onto. Usually you , 
can fasten the soldered wires to a 
printed circuit board . 

What. is a printed circuit board? Z 

Many ys^^s agfo electronic circuits had 
wires to join various parts . For 
example, if you were working twenty 
years ago and you Wcinted to join two 
resistors and a capacitor i you would 
have a series of wires and terminals. 

Now, when you work in electronics, you 
often work with wires (or circuits) 

that_are pri onto _the 

board itself. We call this board a \{ 
"printed circuit board". When people 
who work in electronics say they are > 
going to "mount components", what they \ 
mean is that they are going to fasten d 
electronic components , such as resistors , ' 
capacitors, transistors and diodes to a "'r^ 
printed circuit board. 
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EIiECTRONICS 



HOW TO SOLDER 



Before you can solder, you will need 
to tin the wires you are working with. 

Tinning mcikes the wires stiff. It ; 
makes the wire keep its shape when you 
form it or bend it. It is easier to 
.^solder^the wire after^ it- is^ tinned.— • 
To tin a wire: 

1. Put some solder on the tip of the 
iron. 

2. Hold the wire and slowly put it 
through the solder. The solder fills 
in the spaces between the different 
strands. 

3. Remove the wire from the iron.; 



4. Let the wire cool. 

Now you have a tinned lead which you 
can easily bend and use. 
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HOW TO SOLDER 



Now you are ready to solder. The steps 
are: V '.i'-'^; 

1. Heat the wire which you have just 
"tinned" and the piece. that you are 
connecting to it. You could be con- ■ > i 
necting-the wire to-" a printed circuit— 
board, or a terminal. Do not bum the -'-i^M 
insulation on the wire. ' '■'■■M 

2. Use only enough solder to wet the 4|| 
wire and the connection very well. '-' QM 

3. Remove the soldering iron. ''■"-■'^:':m 

4. Let the connection harden before 



you move the wire^* The connection f -311 
should be smooth and bright. - 3^^ 

Check the connection. 



■.■■.■Tv'TCt': 

6. If you have a poor connection, for ^^^^^-^^^^^^ 
instance, you could have a lot. of dull 
excess solder. You should reheat the. ,j i 
connection again until it becomes ' ' - i^ii 

smooth and bright. k|| 

It will be important if you work in . .|| 

electronics to work carefully. Your ; ^|| 

work in soldering, for instance, will 

have to be neat and exact. Usually 

your work will be part of a bigger '.■■'■'^■^ 

assembly. If your work is good, and,. 

the work of the other persons who add , ■.fl 

to the assembly is also good, you tq- 

gether will 'produce a device or machine 

that will do the job that it should do i. ::^^ 
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VOCABULARY/SOLDERING 



Solder - A soft metal used to connect or 
hold two pieces. made of metal/ usually 
wires. 

Soldering - Using solder to join two 
metal pieces. 

Flux - A clecining material, dark in 
color, that helps to make the solder 
hold its connection. 

Connection - A link. 

Printed circuit board - The board to 
which soldered wires often get fastened. 

Thickness of wire - Size of wire, also 
called "gauge". 

Tinning - Making wire stiff so that it 
will keep its shape. 

Terminal - The end of something; place 
in an electric circuit where electrical 
connection is made or broken. 



ELECTRONICS 



QUESTIONS/SOLDERING 




1. What are the steps, in order, in 
solderingf a wire: 

a. 



h. 



d. 



e. 



f. 



2. There are certain tools that are 
used in soldering. Can you identify 
them in the spaces after each picture? 

a. This is a • 



b. This is a 



c. This is a 



d. This is a 



ELECTRDWICS (A^SO 



electronics c^^pa^^^^^ jf^J 
that use cable harnessing . ^ ^^^^^ 
of harness you wxU ^ee ^ ^.^^^^ 
found in electron- device ^^..^ 
as washing machines an ^^^^ 
as weapons syste-; V^^^ „ni 

the type "^^^^"^^^ harness is made, 
understand ^Ull. A harness, 

whether it is . connects 



boards 
nefinitio n 



" = is a group or bunch of 

A wiring harness is a g ^^^^ ^^gether 

„ires which "^^^"f ^nnected or dis- 
so that they can ^e con_ important 
connected easily- ^^^^ess to read 

when you work on a wi ^^^^^^^ 

the numbers '^^'^^^^^^^together the har- 
carefully in putting tog ^^^^.^^^ 

ness. Other «°f ^.^"J'^arger assembly 
use your harness ^^^k. 
after you have completea y 

gonstruction 

(or constructing) a 
putting together I wiring 
wiring harness is ey^^^ drawing 
harness asset^ly instr ^^^^ 
is fastened to a boar ^^^^gs are 
bench. (This was the 

r-urrirthrsSples we observed 
St Raytheon Company.) 
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1. 
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2. 



Uiis is how you make a simple harness. 

1. Look at the first line of the wiring 
table. 

AWG COLOR FROM TO 

22 Black 1 7 

Take a spool of black 22 gauge wire. 
(Gauge means the thickness of the wire.) 
Wrap the end of the wire around pin 1. 
Carefully lay the wire between the pins 
(look at the foldout to see how this 
is done). Wrap the wire around the pin 
between 7 and 8. Place a tab marked 7 
on the wire. 



2. Look at the second line of the 
wiring table. 

AWG COLOR FROM TO 

22 Black 8 2 

Place a tab marked 8 on the loose end 
of the wire at the pin between 7 and 8. 
Carefully lay the wire between the pins 
and wrap it around pin 2. This will 
lay the wire back in the other direc- 
tion. Cut off the wire the way it is 
in the foldout. 
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ELECTRONICS 



WIIUNG HARNESS 



« S S 4 I I 

• • » ■ • 




w n « w M t) 



3. Look at the third and fourth lines 
of the wiring table 



AWG 

22 

22 



COLOR 
Black 
Black 



FROM 
3 
10 



TO 
9 
4 



Take the spool of black 22 gauge wire 
and wrap the end aroiind pin 3. Care- 
fully lay the wire between the pins 
(look at foldout) . Wrap the wire 
around pins 9 cind 10. Place the tabs 
marked 9 and 10 on the wires. Care- 
fully lay the wire between the pins 
and wrap it around pin 4. Cut off the 
wire the way it is in the foldout. 



» J a 4 » • 



• • • • WL^^ 



ID 



• ••••• 



w n • i« »« O 



4. Look at the fifth and sixth lines 
of the wiring table. 



AWG 

22 

22 



COLOR 
Black 
Black 



FROM 
5 
12 



I'D 
11 
6 



Take the spool of black 22 gauge wire 
and wrap the end around pin 5. Care- 
fully lay . the wire between the pins 
(look at foldout) and wrap it around 
the pin between 11 and 12. Place the 
tabs marked 11 and 12 on the wire. 
Carefully lay the wire between the .pins 
and wrap it around pin 6. Cut off the 
wire as in the foldout. Now you've 
finished the first leg of the harness. 



61 



ELECTRONICS 



WIRING HARNESS 




5. Look at the seventh and eight lines 
of the wiring table. 

AWG COLOR FROM TO 

22 striped 13 19 

22 striped 20 14 

Take a spool of striped 22 gauge wire 
and wrap the end aroiind pin 13. Care- 
fully lay the wire between the pins and 
wrap it around the pin between 19 and 
20, Place the tabs marked 19 and 20 
on the wire* Carefully lay the wire 
between the pins and wrap it around 
pin 14. Cut off the wire as in the 
foldout. 




6» Look at the ninth and tenth lines 
of the wiring table. 



AWG 

22 

22 



COLOR 
striped 
striped 



FROM 
15 
22 



TO 
21 
16 



Take the spool of striped 22 gauge wire 
and wrap the end around pin 15. Care- 
fully lay the wire between ;the pins and 
wrap it around the pins at 21 and 22 • 
Place the tabs marked 21 and 22 on the 
wire. Carefully lay the wire between 
the pins and wrap it around pin 16. 
Cut off the wire as in the foldout. 
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ELECTRONICS 



WIRING HARNESS 




7. Look at the eleventh and twelfth 
lines of the wiring table. 

AWG COLOR FROM TO 

22 striped 17 23 

22. striped 24 18 



Take the spool of striped 22 gauge wire 
and wrap the end around pin 17. Care- 
fully lay the wire between the pins 
(see folcjout) . and wrap it around 
pin between 23 and 24. Place the tabs 
marked 23 and 24 on the wire. Care- 
fully lay the wire between the pins and 
wrap it around pin 18. Cut off the 
wire as in the foldout. You have now 
finished the second leg of the harness. 

Use the tie wraps (these are the nylon 
fasteners which hold the wires together) 
at the points shown in the foldout. 

Cut the wire where it wraps around the 
nail between points 7 and 8; where it 
wraps aroxind the nail between points 9 
and 10; between points 11 and 12; be- 
tween points 19 and 20; between points 
21 and 22; between points 23 and 24. 
Remove the harness from the board. 

Strip all the loose ends so that they 
can be either soldered to the connec- 
tors or fastened to the terminal boards. 
Now the harness is ready to be fastened 
(attached) to an assembly. 
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ELECTRONICS 



WIRING HARNESS/VOCABUIiARY 



Wiring^ h ajcness - Group or bunch of 
wires which are tied or laced together 
so that they can be connected or 
disconnected easily. Wiring harness 
is also called cable harness. 

TeriDinal Ijoards (terminal) - Place 
in electric current where electrical 
connection is made or broken; place 
where wiring harness can be attached. 

Printed circuit board - Board where 
wires or components can be fastened 
and connected to other wires. 

Gauge - The thickness of wire you are 
using, perhaps in a wiring harness job 
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ELECTRONICS 



PERFORMANCE CRITERIA 



1. Student will correctly point out 
each of the following components 
located at a work bench: 

a. Resistor 

b. Transistor 

c . Diode 

d. Inductor 



2. Student will tin the ^leads 
(wires) on a component and will 
neatly solder the component to a 
printed circuit board at the proper 
place on the board. 



3. Using a board for a cable harness, 
the student will accurately connect 
one wire, according to directions in 
diagram. Tabs will be fastened 
correctly and wires cut evenly- 
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MECHANICAL ASSEMBLY 



NOTES 



None of our students have been 
engaged in ''mechanical assembly'* 
per se; we feel, however, that 
this would be a suitable trade 
area^ both for training and for 
eventual placement. A niamber of 
our students were mainstreamed 
into the machine shop at Boston 
Trade High School which was the 
closest available area related to 
mechanical assembly. John Key, 
a machinist at Raytheon's Norwood 
plcint, reviewed our inachine shop 
curriculum as well as the machines 
available, and concluded that 
although the machines in the shop 
were fairly adequate , our students 
(who were making tools such as 
screwdrivers and candlestick 
holders) were ''a long way" from 
the training they would need to 
be skilled machinists. Mr. Key 
explained that in his own work, 
many of his responsibilities 
were rather complex f and often 
merged into the engineering area. 
He agreed with us that any of our 
students in the machine trade 
would profit from simultaneous 
training in mechanical drawing, 
which at present is* not available 
as a *^ joint offering." 

The project director subsequently 
met wiSi' Warren Maclnnes of Raytheon 
Microwave and Power Tube Division 
in Waltham. Mr. Maclnnes, also a 
member of the Raytheon observation 
team, agreed with the project 
director that the machine shop was 
not the most appropriate placement 
for special needs students ; he 
.provided us with a ntimber of 
strategies for developing a full 
curriculum in mechanical assembly. 
Subsequent sessions with Mr. Maclnnes 
and Mr. Yarb rough produced the 
assembly of the choke coil which 
follows, only one exan^le of a 
number of assemblies which have been 



made available to us by Raytheon 
Company, We expect that a teacher 
working with students in this area 
can generalize from the simplified, 
straightforward approach here to 
any ntmiber of mechanical assembly 
problems. 

We have included a section on 
related inatli, stressing spatial 
relations , measurement , and 
computational skills. It should 
be noted that in the Spring of 1976 
five of our students were given 
special weekly workshops by Gerald 
Shertzer, a member of the visual 
studies department of Phillips 
Andover Academy. The students 
progressed through a number of 
visual learning exercises in 
syriffhetry and color, figure ground, 
and perspective. It is our hope 
that vocational instructors will 
include visual studies materials 
if and whfen they impl^^ 
xinit. iwaterials from student 
meetings as well as reports and 
materials from a two week workshop 
conducted by Mr. Shertzer for Boston 
teachers are available at the project 
offices, 53 State Street, Boston. 
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MECHANICAL ASSEMBLY 



INTRODUCTION 



Assemblers put together parts for many 
manufactured products. Many assemblers 
work on items that move automatically 
past them and their work stations on 
conveyors^ Most parts of autonvobiles 
'are put together in this way. Other 
assemblers work at putting circuit 
boards and chassis into large cabinets. 
Usually the workers stand in front of 
the cabinets, which are very large. 

Still other assemblers work at benches 
and are called bench assemblers . Bench 
assemblers put together small parts to 
make "subassemblies" or small complete 
units. Assemblers use many different 
tools depending on the product and the 
work that they are doing. Pliers, 
screwdrivers, soldering irons, power 
drills and wrenches are some of the 
tools that assemblers use. Assemblers 
use diagrams or blueprints to guide 
them in their work. The choke coil 
that we will looK at is an example of 
bench assembly. 

Machines are used in some assembly work. 
In putting together circuit boards, for 
instance, automatic machines sometimes 
are used to put components on boards 
and to solder connections; hand assem- 
bly is needed for working with some 
items, such as some types of resistors 
and diodes. 

Hand assemblers may perform only a 
single operation as components move 
down the production line, but some 
put together complete assemblies. As- 
semblers need to work carefully and 
accurately. Often they will repeat 
the operation they are doing ^many times 
in the same day. It is important that 
each time the job is done, it is done 
well. 
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MECHANICAL ASSEMBLY 



WORKING Wia?H A CHOKE COIL 




Choke coil 




Inductor 



This is a picture of a choke coil. 
This coil is dravm "to size." This 
means that the picture is the size 
of the real coil. How big is the 
coil? How wide? How high? In 
inches? In centimeters? 

The choke coil was mentioned 
earlier in the section on inductors. 
You will remember that a choke coil 
tries to keep the current that is 
flowing through it from changing. 
You will remember this was "the 
picture you saw of an inductor. 



Inductors and chokes do the same 
kind of V7ork. When you turn off 
the switch which is attached to 
the coil while the current is 
flowing through the coil, the choke 
coil tries to keep the current 
flowing'. When the current first 
gets turned on, and begins to flow 
through the choke coil, the choke 
coil tries > to prevent the current 
from f lowi ng : * ^ : ' 




MECHANICAL ASSEMBLY 



ASSEMBLY OF A CHOKE COIL 








0 

■ 






t ,. 

laminations 












0 







Screw f lock washer and nut 



These are the parts of a choke coil, 
a, coil 

. b • laminations .^..^^ 

c. screw, nut and lock washer 

Measuring laminations: 

Let us call the width of the lamina- 
tion "w". ... 

Let us call the length of the lamina- 

■tion ■■"l".- - 

Using your ruler, measure the width 
and lengths of the laminations: 

"E" Lamination is inches wide, 

"E" Lamination is c entimeters 

wide • 

-""I"-'Lamination^is — ^ — i nches'^longr 

"I" Lamination is ^_ centimeters 

wide. 
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MECHANICAL ASSEMBLY 



ASSEMBLY OP A CHOKE COIL 




Hie laminations and the coil should 
get c^sseitibled in this way: 

1, place the first "E" shaped l.an\ina- 
tion through the coil. In the"^ example 
of this particular choke coil, tiie coils 
will be assembled before you get the 
coil. This means that you will not be 
wrapping the wire ? you will be working 
with the laminations* 

2. Place the second "E" shaped lamina- 
tion through the coil, but from the 
other side of the coil. 




3. Repeat Step 2 until most of the "E" 
shaped laminations are in place (in 
this particular choke coil there are 
57 "E" shaped laminations altogether) . 



;3 
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MECHANICAL ASSEMBLY 



ASSEMBLY OF A CHOKE COIL 




4. Put an "E" shaped lamination in 
from the other side. This will be 
like step one. This will be the top 
"E" shaped lamination. 

5. Take the remaining "E" shaped lam- 
inations and feed them into the middle 
of the pile lantil they are all in place. 

6. Take the **I" shaped laminations ^ 
and stack them together as shown. Place 
two "I" shaped laminations on the other 
side. 




7. Put the screws through th€ lamina- 
tions and tighten the lock washer 
nut on the other side. Tighten with a 
screwdriver and spin tite. 




MECHANICAL ASSEMBLY 



ASSEMBLY OF A CHOKE COIL 




8, Tape the laminations with tape. 

^* leads. (Review how you 

tin leads in the electronics section 
on the job of soldering.) 

10. Now you are finished with the 
work that you can do on this choke 
coil. You will now take the coil 
and pass it on to a technician. 



Vape 
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MECHANICAL ASSEMBLY 



VOCABULARY 



Conveyer - A moving belt that carries 
materials from one place to another. 

Cii^duit board - A board to which 
soldered wires often get fastened. 

Chassis - The frame on which electronic 
parts are put . ^ 

Bench assemblers - People who assemble 
materials at a workbench. 

Diagram - A sketch or drawing which 
helps to ejcplain how different parts 
of something work. 

Blueprint - A technical drawing, often 
made with white lines on a blue back- 
ground. 

Inductor - An electronic component, 
or part, that tries to keep current 
flowing; it looks like a coil. 

Laminations - Thin sheets or layers. 

Tin - To make a wire stiff so that 
it will keep its shape. 



Soldering - Using a soft metal to 
hold pieces of metal together. 

Insulation - Material that is used 
to keep heat or sound or electricity - 
out of something. 
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MBCHAHICAL ASSEKBLY 



QUESTIONS 




MECHANICAL ASSEMBLY 



RELATED MATH 



A* Measureinent and coianting skills 
are important to people who work in 
mechanical assembly. Here are some 
easy meas\irement problems to start 
with: (A ruler marked off in inches 
and centimeters will be needed for 
some of these exercises). 



1 . Look at your ruler. 

How long is it in inches? 

How long is it in centimeters? 

I cm. 



2. This line is one centimeter long. 
Checdc it with your rxzler. 



3. This line is three and a half 
( 3 1/2) centimeters long. Check 

3. it with your ruler. 

4. Close your eyes for about one min- 
ute. Open your eyes when you think one 

' minute is over. 



5. 



5. How long is this line? In inches, 
in centimeters? 

6.. Pick any n\amber. 

^Double.„it . 

Add ten. 
Divide by 2 . 

Subtract the original number. 
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MECHANICAL ASSEMBLY 



RELATED MATH 



B. Here are more meastirement exercises ^ 
where fractions ' are used. (You will 
need a ruler with inches and centimeters V :^ 
marked off.) 

1. Draw a line one inch in length. ; S 

a. Compare the inche line to one 
centimeter on your ruler. 

h. How many centimeters in an inch? 

2. Whc^do the lines between the nUInbers^ 
on your ruler mean? '..-/^^ 

3. - Draw a line-1/2 - inch : long, . - " ■ " 

a. What does 1/2 mean? (1/2 means 1 ^ 
part of something rlivided into 2 equal ; ::>! 
parts. ) • 

b. Does 1/2 inch mean the same as 

1/2 centimeter? Why not? v 

4. Draw a line 6 3/4 inches long, 
a. What does 3/4 mean? 

b> What is the difference between jan '-/-^ 

inch and a centimeter? 

c. What is the difference between 

2/3 inches and 2/3 centimeters? . 
3/8 inches and 3/8 centimeters? 
3/5 inches and 3/5 centimeters? 
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MECHANICAL ASSEMBLY RELATED MATH 






Circle 



Cylinder 



Sphere 



C. You will need to understand and 
make precise measurements in two 
emd three dimensions . When you 
measure in "two dimensidhs," you 
will need to knov; the "length" and 
"width" of—things.. 

1. Define length. 

2. Define width. 



D . When you measure in "three 
dimensions" : you wiir also need to 
know the "depth" of things 

Iv What is deptli? 

2 . What are some objects that Jtiave 
depth? Can you give examples of 

a circle (e.g., a ring) , a cylinder 
(e.g., a tin can) , and a sphere 
(e*g-, a tennis ball) that you know? 

3. Roll a sheiet of paper into a 
tube (a cylinder). How can you look 
at the cylinder to set* just a circle? 



■<% 

'"4 



■v-ii 



'"1 




E. Here' is a cubical coianting block, 
lliis exercise will give you practice 
in seeing deptli in a drawing. 

1. The cube is cubes long, 

■ cubes wide, an d^ ^cvibes high, 

2. Is there any difference between the 
length, width, and height? 

3. How many sides does a cube have? 
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CAL ASSEMBLY 



RELATED MATH 



There are seven geometric shapes 
on the neKt page • Cut them out 
and put them in this block. They 
must only be used once, and you 
must use them all- 
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MECHANICAL ASSEMBLY 



PERFORMANCE CRITERIA 



1. Student will point to objects 
in the classroom or shop which 
display a circle, a sphere, a 
cylinder^ an inductor, a lamination. 

2. Student will demonstrate 
knowledge of right and left sides, 

/ opposite sides, length, and width. 
S/he will measiare the length and 
width of objects in the room (a 
carton, a stapler, a pad of paper) 
first in inches, then in centimeters. 

3. Student will correctly assemble 
a choke coil, in steps similar to . 
those shown h^^^ show 
ability to follow directions for 
assembly in order, from beginning to 
end. 

4. After a verbal review of tinning 
and soldering, student will perform 
these tasks as needed to complete 
the particular mechanical assembly 
that is put together. 
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NOTES 



Our problems in mains treaming special 
needs or mildly handicapped students 
into the printing shops at Boston 
Trade High School represent to \as a 
microcosm of difficulties we expect 
other, similar projects have experi- 
enced in vocational planning, irre- 
spective of locale. There are two 
print shops at Boston Trade . High School . 
One is specifically devoted to of f set 
work, and is far too complex for most 
of our students? the other printing 
shop is simply outmoded . 

With gtiidance from Ralph Dolce of 
Raytheon ' s^ Buir ririgtbh^plan ^ and " wi th . 
consultation from a vnij^ of printing 
houses in downtown Boston, w 
selected the material here as an ex- 
ample of operations and functions tha!t 
the special needs student con perform 
in the printing trade. 

There are some efi.sily recognizable 
drawbacks to this material and to the 
printing placement in general. First, 
some printing machinery mentioned here 
is, quite expensive , and many schools do 
— not™have— these-machinos-avai-lable* — Sec- 
ond, most small print shops expect work- • ■ 
ers to be much more versativle than, for ■] 
exainple , simply knowing "collating". Ifv^ 
is our feeling after working with students 
in the printing area for two years , ■ that i 
the printing trades have become rather * 
sophisticated, and may not be a feasi- ■ 
ble placement for mildly handicapped and, 
particularly, mildly retarded students. 
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There are four main kinds of printing. 
They are called: 

Letterpress 

Gravure • ■ ■ /: y 

Lithography . ^ • :'''>^^i-'r||i 

Screen' ; , .\ :■ 

Letterpress uses metal glate^.^^^^^^^E 
metal plate has a raised 'letterv-on?Hl^Vr^^S§iil 
The ink touches only the raised^lettiefsvl^ 
and puts them on paper. For example ^ 
if *^ybu " have "a^ plaTe ' w^^^ 
on it like the one here ^ the 'ink w 
only, cover,, 'the " A, hot :±he. ' res t^. of = -tfie ;>5^ 
plate. Only the A would show up oh "-^^^^ 
paper. ■ • ^ ' ' , 

Letterpress is the oldest kind of print-ii||| 
ing, , It is used to print books/ newsr^^d ;^ 
papers and magazines • It is also good ' 
for printing price lists (such as menus 
in restaurants ) or schedules (such as ;:; 
bus timetables) because a few letters ^..jj^^^ 
can be easily changed^ without chaiiging?J^ii|^ 
--the-whole-set-^of— type; -^.-^^^^^^-^ 

Gravure printing uses depressions ^ to:;.;- l^jjj^^ 

■ get the,'' letters ■ or;"-'pictures.^^V;:For. ex-.-St^ 

■ ample , ' /thei ;;letter - A "•■wpuld,; be^^"ca 
out", of ,the;,ni^tal. ;/,The;^.metar:^will\^^^^ 
usually be a copper cylinder > ^ The cyl^t'^^^ 
inder ^'is- ■;rolIed,;:in^. a;>,c6ntaine^ 

■ and 't:he' ink;::ge ts '^dnto i; the "^^narayedj^f S^^^ 
parts . y ■ .. Then , the ink".'- is'-wiped] pf 

other parts with a kind of steel calledlj^i^jfl^ 

■ <^Qctor blade. ' • , • ^■ v-' 

Gravure printing is good for printing' ^^^^^^ 
pictures , but it is very expensive to ^'■Klp'^^ 
make the plates, so it is only used . ' 
when many copies are being printed. 
This is called a "long run'' /^^ ; T^ 
zine section of your Sunday newpaper is 
probably printed with gravure.; (""arge^^^^^^^^^^^ y^ 
mail order catalogues, wallpaper, and '''■'■■'■■■^i:''^^ 
postage stamps are also usually printed^^^^^^: '^ 
with gravure. 
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BACKGROUND 



Lithography is also called offset ^ 
printing. It uses thin metal plates 
that are flat. They are not raised 
or depressed. It works because grease 
and water do not mix. The parts for 
the letters pick up grease (ink) and 
are water repellent . (A raincoat is 
water repellent.) The parts for the 
background pick up water/ but are ink 
repellent. First the plate is wet with 
water, then with ink. The wat--2r is 
used first so that the background areas 
are not wet with ink. Then the ink is 
offset (taken off) the plate onto a 
rubber blanket. Finally the ink is 
offset from the rubber to paper. 

Because the rubber blanket used in 
offset is softer than metal, the 
impressions (such as letters) on the 
paper are clearer than with the other 
kinds of printing. There are many 
different sizes of offset machines, so 
you can print everything with this 
process, from encyclopadias to simple 
form letters when you want many copies. 

Screen printing h^>; also been -called 
silk screen. It uses a screen that 
is attached to (mounted on) a frame. 
The screen is made of silk. Nylon, 
Dacron, or i^tainless steel. Then a 
stencil is made on the screen, -'nen 
ink is put on the screen, it i^ forced 
through little holes in the stenciled 
part. You may have seen a teacher 
using a kind of stencil with letters 
punched out of a piece of cardboard. 
The ink goes through the holes onto 
another piece of paper. 

Screen printing can be used on any ~- 

kind of surface* You would use screen 
printing if you wamted to print an ad 
on a piece of wood, glass or plastic. 
Screen printing is also used for 
printing special kinds of ciurtains 
and wallpapers. 
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BACKGROUND 



How many kinds of printing a printing 
shop can do depends on how big it is. 
The smaller printing shops usually 
only have machines to do small ariKounts 
of printing (short runs).. A small 
shop will probably have an offset press, 
as well as some copiers and duplicators. 
A small shop will also have several 
machines that are not used for printing, 
but are related to the printing business. 



We will look at some of the simple ma- 
chines that might be in a small print- 
ing shop. They are: 

The Jogger 

The Electric Stapler 

The Paper Drill 

The Spirit Duplicator 

We will also learn a little about col- 
lating , folding, and about binding. 
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THE JOGGER 



The jogger is an electric machine 
that straightens out piles of paper. .. 
It shakes the pieces of paper until 
they are in a very even pile. The 
jogger has a jogging bin , which is 
where you put the pieces of paper. 
It also has a vibration control switch . 
This switch makes the shaking faster 
or slower. It has numbers on it^ and 
the lower numbers make it go slower. 
When it is set on 4, it goes slower 
than when it is set on 7, 

To use the jogger: 

1. Pick up the pile of paper you are 
using. This paper is called stock . 

2. Flip through ( riffle ) the edges of 
the paper and straighten out the stack. 

3. Put the stack of paper in the jogging 
bin . 

4. Turn the jogger ON. 

5. Check the vibration control switch. 
It is usually better to start at a slow 
speed (1 or 2) than to, start with a high 
one (10). 

6. When the pile of paper is very even, 
turn OFF the machine. 

7. Take the paper out of the machine. 



5 \>...vi» 
I 

85 ' ^ ■ : 



79 



PRINTING 



THE PAPER DRILL 




Paper Drill 



The paper drill is used to make holes 
in paper (stock). It drills the kinds 
of holes you see on the pages you put 
in a loose leaf notebook. 



To use : 

1. Take a 1 inch stack of paper. Fig- 
ure out where you want the holes. 

2. T?um the lever rod to set it where 
you will want to drill • 

3. Take a sheet of paper you are us- 
ing, and fold it in half. Now you have 

^ a center mark which you can line up. in 
the drill. 

4. Lift up the clip lever and put the 
stock under the pressure board. You 
should be able to line it up right be- 
cause you have lined up the center mark. 

5. Let the clip lever go back down, 
to hold the stock in the right place. 

6. Press the crutch stopper . The 
paper is on the base pla^ . Move the 
base plate to the right spot for your 
first hole. 

7. Plug in the machine and turn ON 
the switch. 

8. Pull the handle down so that it 
drills the hole. 

9. Let the handle go back up after 
the first h(>)-G is drilled. 



10. Press the crutch stopper ^gain^ 
to move the base plate tc tnu rifjht 
spot for the next hole. Go ^:hr^>ugh 
the same steps again, until you have 
drilled all the holes yr,u^ mrtid. 

11. Unplug the machine, and check the 
dust case. If it seems to be quite full 

little paper cirles, empty the case 
andl clean it. 
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PRINTING 



THE SPIRIT DUPLICATOR 




The spirit liquid duplicator is used 
to make copies of memos, and reports. 
You miglit have seen sqme copies that 
were made on a spirit duplicator in 
your classroom. Your teacher might 
have passed out sheets that were copies 
from a stencil used with a spirit du- 
plicator* 



To use : ' 

1. Turn the lever from right to left 
to set the wick pressure . 

2. Check to see that there is enough 
fluid in the tank. Turn over the tank 
so that it will feed fluid. 

3. Move the impression pressure lever 
into the first notch. 

4. Put the guide rails in the right 
place for the paper you are using. 

5. Press down the loaf?i.ng lever. 

6. Put some paper on the fee^. ^^SiS.* 
Push up the paper loading lever . 

7. Put the stencil on the cylinder . 
Push the rollers down. Turn the counter 
to the number of copies you want. Turn 
the handle on the machine counterclock- 
wise (the opposite way a clock's hands 
go) . 

8. When you have run off a few sheets, 
look at them. Change the settings on 
the machine if you need to. 

9. Wl -"Ti you have run off all the copiej 
you. needy take the stencil off the cyl- 
inder. You can save the stencil if you 
will be using it again. 

10. Turn over the tank. Move back the 
lover for the wick pressure. Move the 
im^^ression pressure to OFF. Press down 
the paper loading lever. 



PRINTING 



FOLDING 





Four page folders 



Books / magazines, and pamphlets are 
folded in many different ways. Which 
way you fold them depends on what size 
you are using for the printing, and 
what size you want the booklets to be 
when you are finished. 

The simplest way to fold is called a 
four page folder . If you take a piece 
of paper and fold it exactly in half, 
you have a four page folder, whether 
you fold it the long way or the short 
way . 




Six page folders 





Accordian style 



Another kind of fold is the six page 
folder* It is a way of folding paper 
in three. You can either fold the 
paper accordian style, or in the reg- 
ular way yo' v^ould fold.a letter. 

There are three ways to do an eight 
page folder . First, you can fold the 
paper' in half, with the top half of 
the paper over the bottom half. Then 
you fold the left side of the paper 
over the right side. This is also 
called frencrii fold . It looks like 

some greeting; cards you have seen. 

I- ■ 

Another way to do an eight page 
folder is to take a very long piece 
of paper and ^;f old the left side over 
the right side, and then fold the 
left side over the right side again. 

One more way to do an eight page 
folder is accordian style. 

You can do many more kinds of folds 
by using these combinations. 
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THE PAPER FOLDER 



You have seen some ways paper can be 
folded. Sometimes there are many 
pieces of paper to be folded. The 
paper folder can do the folding job 
quickly. 

1. Check the size of the paper and 
figure out how you want to fold it. 

2. Look-at the fold chart that goes 
with the machine. Make the settings 
that the chart tells you for the fold 
you want. 

3. There are some knobs on the gaper 
stop on the fold plate . Loosen the 
knobs and put them in the right place 
(check the chart) . Then make sure 
the knobs are tight. 

4. Put the guide rails in the right 
place for the paper you are using. 

5. put the paper on the feed table . 

6. Plug in the machine. Turn ON the 
machine. 

7. Try one sheet of paper in the 
machine. Check the paper, and fix the 
separator roll if you need to. 

8. Run the rest of the paper in the 
machine . You can slow down the ma- 
chine or speed it up while you are 
running the paper. 

9. Pick up the paper. Turn OFF the 
machine. 
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PRINTING 



COLLATING 



To collate means to sort out and put in 
order. For example, you have one stack 
of pages marked #1, and one stack of 
pages marked #2 and still amother stack 
of pages marked #3. You take one sheet 
from the #1 stack, one sheet from the 
#2 stack, and one sheet from the #3 
stack, and put them together. This is 
collating. 

If you only have a few pages to collate, 
you can do it by hand. If you have a 
lot of pages to collate, you might use 
a machine called a collator to do it 
more quickly. 

TO use a go] later: 

1. Pull out the knob that raises the 
fingers in the bins in the machine. 
Make sure the rubber rollers on the 
fingers are facing down. 

2. Set the length of each bin to the 
size you need for the paper you will 
collate. You do this with the knob in 
each bin. 

3. Put the stack that you want to be 
the first page in the top bin on the 
left side. Put the stack you want to 
be the next page in Ihe next bin oh 
the left side, cuid so on. 

4. Lower the fingers in the bins by 
pushing in the finger control knob. 
Set the counter on zero. Turn ON the 
mac*dne. Lift up the tray in front 
of the machine. 

5. press down on the foot control 
lever and then let up on it. It will 
not work right if you keep your foot 
on it without letting up. 

6. Take the sets of paper from the 
bin on the side of the machine. Check 
the order of the pages. 
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PRINTING 



BINDING 




There are many different ways of 
holding pages together after you have 
printed them, and collated them. Most 
pamphlets and magazines are stitched 
together with staples. There are two 
ways to do this. One way is called 
saddle stitch, and the other way is 
called side stitch. Which kind you 
will use depends on how thick the 
magazine or pamphlet is. A pretty 
thin magazine (like TV Guide ) is ' 
saddle stitched. This means that the 
staples are put on the fold of the 
booklet. Magazines like National 
Geographic are side stitched. This 
means that the staples are put next 
to the edge of the spine of the book. 
Books that are side stitched ccuinot 
be opened completely flat. 

Larger books are held together by 
different kinds of binding. The ones 
you see most are edition binding, 
perfect binding, axxd mechanical binding 

Edition binding is very strong. The 
edges of one side of the pages are 
sewn together (with strong thread) by 
a special sewing machine. Then the 
sewn edges are coated with glue. Then 
a machine rolls the spine, so that it 
is a little rounded instead of flat. 
Next, a piece of gauze is glued to the 
spine (or backbone ) . „Then, still 
another machine puts paste on the sewn 
pages and attaches them to the covers. 
Finally, the books are dried. 



/ 




Spine or 
Backbone 
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BINDING 



Perfect binding is used on some paper- 
back books and on the telephone 
directory. It is not as strong as 
edition binding, but it can last for 
quite a while, Fxrst a special strong 
adhesive (a kind of glue) is put on 
the edges of one side of the paper. 
Then a special lining is put over th.^ 
spine, and then the cover is glued on. 

Mechanical binding is used for note- 
books and other kinds of books that 
you will use open flat. Spiral note- 
books are held together with a kind of 
mechanical binding. This manual is 
held together with plastic that was 
put on by mechanical binding. 
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PRINTING 



THE PLASTIC BINDER. 




•a 



Many booklets are held together with 
plastic binding. The book you are 
holding is held together with plastic 
binding. It does not have enough pages 
so that they need to be sewn together, 
the way a library book is. It would 
not stay togeth? as long if it were 
glued togeth: the way some paperback ; 
books are« The plastic binder puts 
together stacks of pages and covers 
with plastic binding. 

To use: 

1. Take some scrap paper that is the 
same size and weight as the paper stock 
you are using. Line it up under the 
pxanch holes on the front of the machine. 

2. Use the guide thuitda screw on the 
side to find the right place for the 
holes you will need. 

3. Pull out the metal arms so that you 
will not have any wrong holes in the 
paper. 



4. Set the guide in the back to the 
size you will need for the plastic 
binding you are using. 

5. Punch holes in the scrap paper, and 
check them. You might need to change 
the settings a little if the holes are 
not in the right place, or if they are 
not the right size. 

6. Punch the sheets of paper you are 
binding. 

7. Put the binding element on the 
binding head . I 



8. Push back the levelr. Put the sheets 
of paper into the open rings., Line up 
the holes in the paper with the rings, y 
Pull the lever in. . This will bind the 
paper with the plastic. 



PRINTING 



PERFORMANCE CRITERIA 



1. Student will be able to name four 
kinds of printing processes. 

2. Student will be able to demonstrate 
ability to operate the 

Jogger 

Electric Stapler 
Paper Drill 
Spirit Duplicator 

3* Student will be able to define 
collating, and demonstrate the use of 
the collater. 

4. Student will be able to demonstrate 
various types of folds and the use of 
the folder. 

5. Student will define three binding 
methods and demonstrate use of the 
pleistic binder. 



94 



WELDING 



NOTES 



Students in the Vocational Strategies 
project were mainstreamed into the 
welding shop at Boston Trade High 
School, as well as into the sheet 
metal shop (taught as two separate 
shops at Boston Trade High School) • 
After consultation with members of 
the personnel staff, as well as with 
instrxictors in the welding school 
:jx the General Dynamics shipyard in 

Quincy , the Vocational ^ Strategies 

project staff is now "rethinking" 
its placement of mildly hcindicapped 
students in welding. We suggest 
that probably another year of 
integration of these students is 
needea in order to fully determine 
the appropriateness of the welding 
placement. 

The curriculum at the Trade School in 
welding emphasize-r^ oxyacetylene 
welding techniques, as well as arc 
welding techniques. Whereas the arc 
we loin C( skills would be particularly 
suited to work in a large shipyard, 
such as General Dynamics, our dis- 
cussions with General Dynamics made 
it apparent that many of their 
welding jobs require decision making 
skills which our special needs 
students would not, in all proba- 
bility, be capable of acquiring. 



student in good stead in a job of 
resistance or spot welding. 

Thus, for this purpose, we advocate 
simple arc welding techniques in th.e 
expectation that the special needs 
student will put the repetitive early 
steps in "strikdlng an arc" and in 
"running beads" into practice in 
resistcince welding where machine 
(rather than human) adjustiiients are 
used extensively. 

We acknowledge the assistance that Mr. 
Farrenkopf provided us in the early 
stages of our curriculum investigation. 
We give special thanks to Joseph King, 
a retired welding instructor from the 
Boston Navy Yard, who presently serves 
as a volunteer in welding with the 
School Volunteers for Boston. Mr. 
King's patience allowed us to examine 
the most basic elements of the welding 
processes. 



Although our students have been 
successfully mainstreamed into the 
Trade School welding program under . 
the watchful supervision of James 
Farrenkopf, it is our feeling after 
discussions with Mr. Farrenkopf and 
others, that resistcince or "spot" 
welding might be the most useful 
area in welding for our studentis' 
concentration, in addition to 
"tackingr" and "brazing". Resistance 
welding is described as "strictly 
mechcuiical" because it only entails 
making adjustmer machines. We 

maintain, howeve^^ , that knowing 
"what a good weld looks like" and 
"how to test a weld" will hold a 
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WELDING 



BACKGROUND 



Welding is one of the most coiranon ways 
to permanently join metal parts . Part= 
of many products in the house, such as 
kitchen appliances, have been joined 
by welding. In larger equipment, such 
as cars and airplanes, welding is 
used to join parts, too» In bridges 
emd buildings., welding is used to join 
together the structural metal , the 
beams , cind the steel reinforcing rods . 
Welding happens when two materials, 
•usually metals, are melted together. 
The most basic types of welding are 
resistance ^''^Iding and arc welding. 



Resistance Welding 

Resistance welding is also called spot 
welding. In this kind of welding, 
much of the welding is done by using 
a machine that makes the adjustments 
for you. 



Arc Welding 

According to the Occupational Outlook 
Handbook f 1976/77 edition, arc welding 
is~ the type of welding that is used 
more than any other type. In arc 
welding, heat comes about whea elec- 
tricity flows across an airspace 
from the tip of the welding tool to 
the metal • 



above your head, or down near your feet; 
or in a tiny comer. Building construc- 
tion jobs, where there are steel frames, 
use arc welding to weld and bolt to- 
gether the frames. 

There are a few important things you 
will'need to know about arc welding. 
These are: 

Striking an arc 

Choosing an electrode 

Rumiing a bead 



Ship walders who join the steel plates 
and beams that are used to build ships 
usually use arc welding because it 
welds the steel plates better than 
using gas. In ship welding, some 

rjbints that^jhave to be welded are on ^ 
the floor of the ship, some *are on 
the wall, and some are overhead on 
the ceiling. All of these different 
positions require perfect welding 
jobs so that a ship will not break 
apart in, rough seas. Because of this, 

^a person doing , ship we Iding must 
practice welding in different posi- 
tionis where sometimes the job is 
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WELDING STRIKING AN ARC 




Striking an arc is used to start 
the arc weld. These are the steps. 

1. Clean the surface you are using. 
There must not be any "spatter" on 
the tabletop, 

2. You should be wearing clothing 
that will protect you. Do not wear 
sneakers; shoes with leather tops 
are better. It is best to wear a 
long sleeved shirt or blouse. You 
should also wear a leather jacket 
or bib. 

3. Clamp or fasten the work lead 
to the table. 

4. Put the "fine controls" on 
the right setting. 

5. Make sure the electrode holder 
does not touch the table. 



6. Turn on the machine. 

7. Now you cau strike an arc in 
one of two ways. 

a. By scratching: this can mark the 
table or surface you are working on. 

b. By tapping: this is probably a 
better way to do it. 



Vocabulary 

Resistance welding 
Arc welding 
Adjustments 
Electrode 
Striking an arc 
Running a bead 
Fine controls 
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WELDING 



CHOOSING AN ELECTRODE OR ROD 







/ 








V - - \ 






Horizontal 




Overhead 




Filler metals are also used so that 
joints will be strong and uniform . 
Most welding processes (gas as well as 
electric) use filler materials. These 
are often called electrodes or welding 
rods . They are usually melted in with 
the metal to make the joint stronger. 
When the welder takes the heat away^ 
the metal and filler materials harden 
and the parts are joined. In welding ^ 
the welder heats the metal emd filler 
material so that they melt together 
correctly and, once they are hardened, 
they form the strong joint that is 
needed. Electrodes have numbers 
stamped right on them. The last two 
numbers tell you how to use the elec- 
trode. The next to the last number 
tells you the position of welding. 

There are four basic welding positions. 
These are : 

Flat 

Horizontal 

Vertical 

Overhead 

You use different positions for dif- 
ferent jobs. Some jobs might be on 
the floor or floor surface, and some 
jobs might need the weld that you do 
right in the corner, at the height of 
your shoulder. Still other welding 
jobs call for the work to be done 
over your head (overhead) or up near 
what would be the ceiling or top of 
whatever you are working on. 
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WELDING 



CHOOSING AN ELECTRODE OR ROD 



You might get a rod with this stamped 
on it: Exxlx. 

You need to look at the last two 
numbers (or digits) . This will tell 
you how you can use the rod^ and 
in what position you will be working. 
This is called usability . V/hen you 
look at the last two digits, you 
should look at them as two separate 
numbers. This will explain why. 

The next to the last digit t^ells you 
what position you will use when you 
use this particular electrode (or 
rod). Let's say you have this 
information: 

Exxlx 
Exx2x 

Look at the next to last digit in 
Exxlx. This is a 1. This tells 
you that this rod can be used in 
"all positions." Now look at the 
code Exx2x* You have 2 as the 
next to the last digit. This tells 
you that you can use the rod in the 
flat and horizontal position. This 
will be true for all electrodes or 
rods marked this way. 

The , is other information for you 
tr .^e when you look at the numbered 
code on the rod. '^ok at these codes: 

ExxlO 
Exxll 
Exx22 



Look at Exxll. The last digit 
is 1. It tells you "ac or dc, 
reverse polarity." 

I^ok at Exxl2. You will see that 
the last number is 2. This tells 
you "dc, straight polarity." 

Vocabulary 

dc (direct current) 

ac (alternating current) 

straight polarity 

reverse polarity 

electrode 

rod 

flat 

horizontal 

vertical 

overhead 

usability 

digit 



When you look at the last number 
(or digit) you will know the type 
of welding that the electrode is 
used for. 

Look at ExxlO. Look at the last 
digit. It is 0. This tells you 
"dc; reverse polarity only . " 



WELDING 



RUNNING A BEAD 



First/ review how to strike an arc. 
This is like lighting a match: you can 
either scratch it or you can tap it. 
Then, move away the diameter of the 
electrode ; now an arc will be formed. 
If you are using a 1/8 electrode, 
you come back about 1/8 of an inch; 
if you use a 3/16, you come back 
3/16 of an inch. After this the 
next step is to "inin a bead". At 
first you will have a tendency to 
"stick" at this point; you will touch 
the plate with the electrode and will 
"stick" there. Practice will help 
you not to do this. 

Rujrming a bead is like the kind of 
thing you might see happening at a 
large foundry. You may* have seen 
pictures of furnaces at a foundry. 
What happens is that metals (usually 
scrap metals) are heated in large 
furnaces until they are molten 
(melted) . Running a bead is melting 
metal in an arc form, fhe flux that 
is on the wire forms a barrier to keep 
oxygen from getting through the 
melting area. 



/ 




This is the reason you see the molten 
metal being formed into a pool when you 
look into the "arc". Then you see the 
f l\ax which is left in the form of slag . 
Slag is there to protect the pool of 
metal from impurities in the air. 

You should clad a series of beads on a 
plate. Start with a 5 by 10 > plate, ! 
3/8 inches thick. Start at the upper 
side of the plate, and run beads across 
the plate. Run a straight bead. Do it 
over and over again. As you rtm the 
beads, you will begin to see that the 
quality of the beads will be getting 
better. Running a bead will be impor- 
tant work if you are going to do tack 
welding, or spot welding, or arc 
welding. 

It is important to r\an multiple beads . 
It is important to "get as much mileage" 
out of every piece of scrap material as 
you can. After you have run a half 
dozen beads, you are ready to go on to 
the fillets. 



Vocabulary 

Diameter 

Electrode 

Fomidry 

Molten 

Flux 

Slag 

Impurities 
Clad 

Multiple beads 
Scrap materials 
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WELDING 



THE FIAT FILLETS 



Flat 




^AXIS OF WELD 
HORIZONTAL 



Horizontal 




This is hov/ you make a fillet weld. 

1. Strike an arc* 

2. Run beads. Practice on a flat 
plate. Have your teacher line the 
plate with chalk so that you can 
follow the lines. 

3. Keep close to the lines. Make 
lines with beads. The lines of the 
beads are formed by the junctioil of 
the metal. 



After .you can make the flat fillet weld, 
you can go on to the vertical fillet. 
Run a half dozen beads in the vertical 
fillet position. Then try the overhead 
position. 



/V AXIS OF WELD 
^ HORIZONTAL 



Vertical Overhead 




AXIS OF WELD AXIS OF WELD 



VERTICAL HORIZONTAL 



WELDING 



JOINTS 




Butt 




There are different types of joints 
that you will be using when you weld. 
Here are the different types: 

Butt 

comer 

Edge 

Lap 

Tee 




Edge 



Lap 



Tee 



102 



WELDING 



PERFORMANCE CRITERIA 



1. Student will eaiplain in what way 
s/he is wearing proper clothing for 
welding ai-^d show how to 'safely hold 
necessary welding equipnient. 

2. Student will list tljie steps for 
the two ways of "striking an arc" cuid * 
will proceed to strike ^n arc correctly. 

3. Student will practic^e "running 
beads" in flat position!. 

i 

4. Student will denonstrate how to 
clad a series of beads in three posi- 
tions. 

5. Student will make fillet welds in 
two positions. 



i 
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